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Aqueous extract of pomegranate seed attenuates
glucocorticoid-induced bone loss and hypercalciuria
in mice: A comparative study with alendronate
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Abstract. The present study was performed in order to examine
bone loss and calcium homeostasis in mice with glucocorti-
coid (GC)-induced osteoporosis (GIOP) following treatment
with the aqueous extract of pomegranate seed (AE-PS). In
addition, a comparative study with alendronate was performed.
Biomarkers in the serum and the urine were measured. The
tibias, kidney and duodenum were removed in order to measure
the levels of bone calcium, protein expression as well as to
perform histomorphological analysis of the bone. GC treat-
ment facilitated the induction of hypercalciuria in the mice, and
the AE-PS-treated mice exhibited a greater increase in serum
calcium and a decrease in urine calcium. The AE-PS reversed
the deleterious effects on the trabecular bone induced by DXM
and stimulated bone remodeling, including an increase in bone
calcium and alkaline phosphatase-b (ALP-b) and a decrease in
a the critical bone resorption markers C-terminal telopeptide
of type I collagen (CTX) and tartrate-resistant acid phospha-
tase-5b (TRAP-5b). Hematoxylin and eosin (H&E) staining
revealed the increased disconnections and separation between
the growth plate and the trabecular bone network as well as
the reduction in the trabecular bone mass of the primary and
secondary spongiosa throughout the proximal metaphysis of the
tibia in the DXM group. Moreover, the decreased protein expres-
sion of transient receptor potential vanilloid (TRPV)5, TRPV6
and calbindin-D9k (CaBP-9k) was reversed by the AE-PS or
alendronate supplementation in the kidneys and the duodenum as
well as plasma membrane Ca’*-ATPasel (PMCAL1) expression in
the kidneys of mice with GIOP. There was no marked difference
in pharmacological effectiveness between alendronate and the
AE-PS. Taken together, these findings suggest that the AE-PS
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may be an alternative therapy suitable for use in the management
of secondary osteoporosis.

Introduction

Glucocorticoids (GCs) are used in clinical practice for their anti-
inflammatory and immunomodulatory effects (1,2). However,
the therapeutic use of GCs in the management of immunosup-
pression following organ transplantation or of inflammatory
diseases is always accompanied by substantial adverse outcomes
including diabetes and obesity as well as bone loss, which is
referred to in this case as GC-induced osteoporosis (GIOP) (3-5).
Bone loss induced by GCs occurs early and progresses at a fast
rate becoming significant within the first 6 months (6). Previous
studies have demonstrated that the long-term administration of
GCsresulted in the development of osteoporosis in approximately
50% of patients with asthma (7). Moreover, clinical studies have
shown that low-dose GC inhalatory therapy (8) or high-dose oral
GC therapy, particularly with dexamethasone (DXM) (9) causes
bone loss in humans. Briefly, the underlying molecular mecha-
nisms responsible for GC-induced bone loss involve a decrease in
bone formation directly by inhibiting osteoblasts from producing
new bone and an increase in bone resorption by increasing
osteoclast activity (10,11). In vitro studies demonstrated that GCs
are capable of inducing the apoptosis of osteoblasts and osteo-
cytes (3,12). Several studies have also showed that proliferation,
osteogenic differentiation and reactive activity to an osteogenic
inductor were reduced in the bone mesenchymal-derived stem
cells (BMSCs) of rats with GIOP (1,13). Moreover, prolonged
GC use may induce hypercalciuria; the 24-h urinary calcium
excretion was significantly increased at day 7 in a study where
patients received treatment with 10mg methylprednisolone
daily (14). Notably, the adminstration of GCs to patients with
vitamin D insufficiency may lead to hypocalcemia in combina-
tion with hypercalciuria and secondary hyperparathyroidism in
the absence of hypomagnesemia (15).

Pomegranate [Punica granatum L. (Punicaceae)] is an edible
fruit native to the Middle East which has been used extensively
in folk medicine for a number of therapeutic purposes (16,17).
It has been reported that pomegranate possesses powerful
antioxidant activity (18,19) and further studies are warranted
into the adjuvant therapeutic applications of pomegranate in
human breast cancer (20). Pomegranate seeds (PSs) are known
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to contain the estrogenic compounds, estrone and estradiol,
which are chemically identical to those biosynthesized in
the human body (16,17). As pomegranate seed oil (PSO)
contains phytoestrogens, the hypothesis that PSO is capable
of preventing bone loss in postmenopausal women may be
true (17). In vivo studies of ovariectomized mice showed that the
ovariectomy-induced decrease in bone mineral density (BMD)
was normalized by the administration of pomegranate extract (16).
Moreover, pomegranate and its derivatives prevented bone loss
in a mouse model of postmenopausal osteoporosis through
osteoblastic stimulation and osteoclastic inhibition as well as
decreasing inflammation and oxidative stress (21). However, the
effects of PSO in other experimental animal models, such as the
animal model of GIOP, remain largely unknown.

As mentioned above, previous studies have suggested that
PS extracts exert a protective effect against bone loss. However,
there have been no reports to date in the scientific literature,
to the best of our knowledge, that PS extracts protect against
hypercalciuria. In light of these observations, we aimed to
determine whether PSO may be useful in the treatment of
GIOP and hypercalciuria, and to compare the effectiveness of
this compound with alendronate. Alendronate is a commonly
prescribed bisphosphonate and bisphosphonates are the gold
standard treatment for osteoporosis.

Materials and methods

Animal treatment. Six-week-old male C57BL/6] mice were
obtained from the Shanghai Laboratory Animals Center
(SLAC; Shanghai, China) and were allowed to acclimate to
the environment for 1 week. All experimental procedures were
performed in accordance with the Guidelines of the Department
of Orthopaedics at Gongli Hospital of Pudong New Area
(Shanghai, China) on Animal Care. This study was approved
by the Ethics Committee of the Department of Orthopaedics
at Gongli Hospital of Pudong New Area. All chemicals and
reagents were purchased from Sigma-Aldrich Canada Co.,
(Oakville, Ontario, Canada), except where noted otherwise.

The mice were randomly divided into four groups: i) vehicle
group mice (n=8) were injected intramuscularly with saline
instead of DXM as controls; ii) the mice in the DXM group
were injected intramuscularly with 5 mg/kg body weight DXM
three times a week for 12 weeks (n==8); iii) the mice in the ALN
group received alendronate orally at a dose of 0.1 mg/kg/day in
combination with DXM for 12 weeks (n=8); and iv) the mice
in the PS group received daily drinks of aqueous extract of
pomegranate seed (AE-PS) in combination with DXM for
12 weeks (n=8). Pomegranate seeds (100 g) were chopped in a
mortar and extracted in water (1,000 ml) by means of agitation
for 10 min at room temperature. Supernatants were filtered out
and the filtrates were given to the mice daily as drinking water.
The pomegranates were purchased from the Chinese herbal
medicine market in Nanjing (Jiangsu, China).

Chemistry of serum, urine and bone calcium content. The
concentrations of calcium (Ca) and testosterone in the serum
as well as creatinine (Cr) in the urine were measured by ELISA
using a microplate reader (BioTek, Winooski, VT, USA). Serum
was collected by cardiac exsanguination under light ether
anesthesia. Urine (24 h) was collected from the mice using
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metabolic cages. The level of urine Ca was corrected by the
concentration of urine Cr. The serum levels of bone-specific
alkaline phosphatase (ALP-b), testosterone, tartrate-resistant
acid phosphatase (TRAP)-5b, C-terminal telopeptide of type I
collagen (CTX) and osteocalcin were detected using a rat
bioactive parathyroid hormone (PTH) enzyme-linked immu-
nosorbent assay (ELISA; Immutopics, Inc., San Clemente, CA,
USA) with an ELISA reader (MD SpectraMax M5; Molecular
Devices, LLC, Sunnyvale, CA, USA).

The tibias were incinerated at 800°C for 6 h and the ash
weighed. Ten milligrams of bone ash was then dissolved in
1 ml of 37% HCI and diluted with Millin-Q water. The Ca
content was determined using the same kits as those used for
the serum and urine calcium assays (Biosino, Beijing, China).

Bone histomorphology. Mice were sacrificed by cardiac
exsanguination under light ether anesthesia. After cardiac
exsanguination, the tibias were collected with all soft tissue
removed and stored at -80°C. A total of 8 tibias were used
for histomorphological analysis. The right tibia was used for
histomorphological analysis, and the left tibia was used for the
RT-PCR and western blot analysis (n=8 in each group). The
tibias were decalcified in 0.5 M ethylenediaminetetraacetic
acid (EDTA) (pH 8.0), followed by dehydration through a
graded series of ethanol solutions and then embedded in
paraffin according to standard histological procedures (22).
Sections, 5 ym in thickness, were cut and stained with
hematoxylin and eosin (H&E; Xinfan, Shanghai, China),
and visualized under a microscope (Leica DM 2500; Leica
Microsystems GmbH, Wetzlar, Germany).

TRAP staining was used for the identification of
osteoclasts according to the manufacturer's instructions
(387-A; Sigma-Aldrich, St. Louis, MO, USA). The number
of TRAP-positive osteoclasts was counted to quantify the
number of osteoclasts below the growth plates in the distal
metaphysis of the femur. The assays were scored by averaging
the number of osteoclasts per low-power field in at least four
fields per slide, and visualized under a microscope (Leica
DM 2500; Leica Microsystems GmbH).

Reverse transcription-polymerase chain reaction (RT-PCR).
After cardiac exsanguination, the kidneys were collected with
all soft tissue removed and stored at -80°C. The kidneys of
each animal were crushed under liquid nitrogen conditions
and RNA extraction was performed using TRIzol according
to the manufacturer's instructions (Invitrogen, Carlsbad, CA,
USA). The synthesis of cDNAs was performed by reverse
transcription reactions with 1 g of total RNA using Moloney
murine leukemia virus reverse transcriptase (Invitrogen)
with oligo(dT) 15 primers (Fermentas, Vilnius, Lithuania)
as described by the manufacturer's instructions. The first
strand cDNAs served as the template for the regular PCR
performed using a Real-Time PCR System (ABI 7300;
Applied Biosystems Life Technologies, Foster City, CA,
USA). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal control to normalize the data to deter-
mine the relative expression of the target genes. The reaction
conditions were set according to the kit instructions. PCR
was performed with the following primers: calcium sensing
receptor (CaSR), forward, 5"TAGGCATTCTGTAATAGCT-3'
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Figure 1. Calcium levels in serum, urine and tibias and serum testosterone levels. (A) Serum calcium (Ca) levels, (B) Ca/creatinine (Cr) ratios in urine and (C) Ca
concentrations and Ca/Ash ratios in tibias. (D) Analysis of serum testosterone levels by ELISA. Values are expressed as the means + SEM, n=8 in each group. ‘P<0.05
versus vehicle group; “P<0.05, versus dexamethasone (DXM) group. Vehicle, vehicle group (n=8); DXM group, mice were injected intramuscularly with 5 mg/kg body
weight DXM three times/week for 12 weeks (n=8); ALN group, mice received alendronate orally at a dose of 0.1 mg/kg/day in combination with DXM for 12 weeks
(n=8); pomegranate seed (PS) group, mice received daily drinks of aqueous extract of pomegranate seed (AE-PS) in combination with DXM for 12 weeks (n=8).

and reverse, 5'-CTGGGCTGCTCAGTCGG-3'. The PCR
conditions were as follows: denaturation of cDNA at 95°C
for 3 min, denaturation at 95°C for 15 sec; annealing 56°C for
20 sec; extension at 72°C for 20 sec. The amplification cycle
number was 40 for the target gene.

Western blot analysis. The tibias, kidney and duodenum were
homogenized and extracted in NP-40 buffer, followed by
5-10 min of boiling and centrifugation (10,000 x g, at 4°C)
in order to obtain the supernatant. The samples containing
50 ug of protein were separated on 10% SDS-PAGE
gel, transferred to nitrocellulose membranes (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). After saturation with
5% (w/v) non-fat dry milk in Tris-buffered saline (TBS) and
0.1% (w/v) Tween-20 (TBST), the membranes were incubated
with the following antibodies: transient receptor potential vanil-
loid (TRPV)5 (sc-398345; 1:500), TRPV6 (sc-28763; 1:500),
osteoprotegerin (OPG; sc-8468; 1:1,000) and receptor activator
of nuclear factor-xB ligand (RANKL; sc-7628; 1:2,000) ,
CaSR (sc-32181; 1:500), calbindin-D9k (CaBP-9k; sc-367381;
1:500), plasma membrane Ca**-ATPasel (PMCA1; sc-16488;
1:500) (all from Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA), overnight at 4°C. After three washes with TBST,
the membranes were incubated with secondary immunoglobu-
lins (Igs) conjugated to IRDye 800CW Infrared Dye (LI-COR
Biosciences, Lincoln, NE, USA), including donkey anti-goat
IgG and donkey anti-mouse IgG, at a dilution of 1:10,000-
1:20,000. After a 1-h incubation at 37°C, the membranes were
washed three times with TBST. The blots were visualized using
the Odyssey Infrared Imaging system (LI-COR Biosciences).
Signals were densitometrically assessed (Odyssey Application
Software version 3.0; LI-COR Biosciences) and normalized to

the GAPDH signals to correct for unequal loading using the
mouse monoclonal anti-GAPDH antibody (AP0063; 1:20,000;
Bioworld Technology, Inc., St. Louis Park, MN, USA).

Statistical analysis. All data are expressed as the means + stan-
dard error of mean (SEM). The statistical analyses were
performed using the SPSS 13.0 statistical software package
(SPSS Inc., Chicago, IL, USA). One-way analysis of vari-
ance (ANOVA) was used to perform comparisons among the
different groups, and P<0.05 was considered to indicate a
statistically significant difference.

Results

Chemistry of serum, urine and tibias. Following DXM
administration for 12 weeks, the GC-treated animals
exhibited significant decreases in serum calcium
(9.02+0.44 mg/dl), bone calcium content (5.38+0.43 mg) and
calcium/bone ash (0.38+0.04) (Fig. 1A and C). Urine calcium
levels were comparable among the four experimental groups.
At 12 weeks, when comparing the urine calcium levels
between the vehicle and the DXM groups, we observed that
calcium secretion in the urine continually increased as the
duration of DXM treatment increased (Fig. 1B). At the end of
the treatment period, the AE-PS and alendronate increased
serum calcium levels, bone calcium content and calcium/bone
ash, and hypercalciuria was markedly inhibited in the mice
with GIOP (Fig. 1A-C). There was no significant difference
observed between the two treatment groups. Additionally,
the results showed that the serum testosterone level in the
DXM group was significantly decreased as compared with
that of the control group; however, AE-PS treatment alone,
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Figure 2. Changes in the serum levels of biomarkers of bone metabolism. Analysis of (A) bone-specific alkaline phosphatase (ALP-b), (B) C-terminal telo-
peptide of type I collagen (CTX), (C) tartrate-resistant acid phosphatase-5b (TRAP-5b) and (D) osteocalcin was measured by ELISA. Values are expressed as
the means + SEM, n=8 in each group. "P<0.05, versus vehicle group; "P<0.05, versus dexamethasone (DXM) group; and “P<0.05 versus ALN group. Vehicle,
vehicle group (n=8); DXM group, mice were injected intramuscularly with 5 mg/kg body weight DXM three times/week for 12 weeks (n=8); ALN group, mice
received alendronate orally at a dose of 0.1 mg/kg/day in combination with DXM for 12 weeks (n=8); pomegranate seed (PS) group, mice received daily drinks
of aqueous extract of pomegranate seed (AE-PS) in combination with DXM for 12 weeks (n=_8).
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Figure 3. Expression of calcium transport proteins in the kidney.
(A and B) The protein levels of calcium transporters [transient receptor
potential vanilloid (TRPV)S, TRPVS6, calbindin-D9k (CaBP-9k) and plasma
membrane Ca**-ATPasel (PMCA1)] were measured in the kidney. Values are
expressed as the means = SEM, n=8 in each group. "P<0.05 versus vehicle
group; "P<0.05 versus dexamethasone (DXM) group. Vehicle, vehicle group
(n=8); DXM group, mice were injected intramuscularly with 5 mg/kg body
weight DXM three times/week for 12 weeks (n=8); ALN group, mice rece-
ived alendronate orally at a dose of 0.1 mg/kg/day in combination with DXM
for 12 weeks (n=8); pomegranate seed (PS) group, mice received daily drinks
of aqueous extract of pomegranate seed (AE-PS) in combination with DXM
for 12 weeks (n=8).

not alendronate, was capable of reversing DXM-induced
testosterone deficiency (Fig. 1D).

The serum concentrations of the bone turnover markers,
TRAP-5b and CTX as a bone resorption markers and ALP-b
and osteocalcin as a bone formation markers, were determined.
The results showed that the serum levels of TRAP-5b and CTX
in the DXM group were significantly increased, and the serum
levels of ALP-b and osteocalcin were significantly decreased
when compared with those of the control group (Fig. 2A-D).
The AE-PS and alendronate significantly decreased the serum
levels of TRAP-5b and CTX, and increased ALP-b and osteo-
calcin serum levels. However, ANOVA analysis revealed that
the AE-PS significantly reduced TRAP-5b levels and raised
ALP-b levels when compared with alendronate. There was no
significant difference in the serum CTX levels between the
two treatment groups (Fig. 2A-D).

Expression of calcium transport proteins in the kidney and
in the duodenum. To examine the mechanism responsible for
the decreased serum calcium levels and the increased urine
calcium concentrations in the DXM-treated mice, we analyzed
the expression levels of calcium transport proteins in the kidney
and in the duodenum. The expression of two calcium influx
channels (TRPV5 and TRPV6), a reflux channel (PMCAI),
and an intracellular calcium buffering protein (CaBP-9k) in the
duodenum and in the kidney was examined. The protein levels
of TRPVS5, TRPV6, PMCALI and CaBP-9k in the kidney were
decreased by DXM treatment; however, the decreases in TRPVS,
TRPV6, PMCAL1 and CaBP-9k protein expression in the kidneys
of mice with GIOP were reversed by the AE-PS or alendronate



SPANDIDOS

) PUBLICATIONS
A Vehicle ~ DXM ALN PS
. —
TRPVS M- . . S0 S .
- S

s G 0D 0 D D

B Cvehicle
= EEDXM
§ . ALN
@ EmPSs
s
3
£
2
2
-

2
ke
@
4

TRPV5 TRPV6 CaBP-9k

Figure 4. Expression of calcium transport proteins in the duodenum.
(A and B) The protein expression of calcium transporters [transient receptor
potential vanilloid (TRPV)5, TRPVG6, calbindin-D9k (CaBP-9k)] was mea-
sured in the duodenum. Values are expressed as the means + SEM, n=8
in each group. "P<0.05 versus vehicle group; “P<0.05 versus dexametha-
sone (DXM) group. Vehicle, vehicle group (n=8); DXM group, mice were
injected intramuscularly with 5 mg/kg body weight DXM three times/week
for 12 weeks (n=8); ALN group, mice received alendronate orally at a dose of
0.1 mg/kg/day in combination with DXM for 12 weeks (n=8); pomegranate
seed (PS) group, mice received daily drinks of aqueous extract of pomegra-
nate seed (AE-PS) in combination with DXM for 12 weeks (n=8).

supplementation (Fig. 3A and B). Moreover, the protein levels of
TRPV6 and CaBP-9k were significantly decreased by DXM in the
duodenum. The AE-PS and alendronate upregulated the protein
expression of TRPV6 and CaBP-9k in the duodenum as compared
with that in the DXM-treated groups (Fig. 4A and B). There was
no significant difference observed between the two treatment
groups. The mRNA and protein expression of renal CaSR was
increased in the mice with GIOP as compared with the expression
levels in the untreated mice. Notably, treatment with the AE-PS
significantly downregulated the mRNA expression of CaSR as
well as the protein expression of CaSR in the kidneys of mice with
GIOP (Fig. 5A-C). The results of western blot analyses revealed
that the AE-PS reversed GIOP more effectively than alendronate,
although both treatments exerted marked beneficial effects.

TRAP staining and protein expression of OPG/RANKL.TRAP
staining revealed that very few osteoclasts were identified in
the trabecular bone area below the growth plate in the vehicle
group, whereas the number of osteoclasts were significantly
increased in this area in the DXM group (Fig. 6A). The treat-
ment of the mice with GIOP with the AE-PS or alendronate
significantly decreased the number of osteoclasts (Fig. 6A). As
the maturation and formation of osteoclasts are mainly regu-
lated by the balance between extracellular OPG and RANKL
levels, the ratio of OPG/RANKL determines the number of
matured osteoclasts. Consistent with the TR AP staining results,
the results of western blot analysis revealed that the expression
of OPG was significantly decreased whereas the expression of
RANKL was significantly increased in the mice treated with
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Figure 5. Expression of calcium-sensing receptor (CaSR) in kidney.
(A) RT-PCR and (B) western blot analysis of CaSR expression.
(C) Densitometric quantification of CaSR using RT-PCR and western blot
analysis. Values are expressed as the means + SEM, n=8 in each group.
“P<0.05 versus vehicle group; “P<0.05 versus dexamethasone (DXM) group;
and “P<0.05 versus ALN group. Vehicle, vehicle group (n=8); DXM group,
mice were injected intramuscularly with 5 mg/kg body weight DXM three
times/week for 12 weeks (n=8); ALN group, mice received alendronate orally
at a dose of 0.1 mg/kg/day in combination with DXM for 12 weeks (n=8);
pomegranate seed (PS) group, mice received daily drinks of aqueous extract
of pomegranate seed (AE-PS) in combination with DXM for 12 weeks (n=8).

DXM as compared with the control groups (Fig. 6B and C).
The treatment of the DXM group with the AE-PS or alen-
dronate significantly elevated the expression of OPG and
suppressed the expression of RANKL (Fig. 6B and C). There
was no marked difference between the two treatment groups.

Bone histomorphology and protein expression of calcium trans-
port protein in bone. Histological analysis of trabecular bone in
the proximal metaphysis of the mice was performed using the
H&E stain. The histology of trabecular bone near to the growth
plate was markedly different in the four experimental groups.
H&E staining revealed the increased disconnections and sepa-
ration between the growth plate and the trabecular bone network
as well as the reduction in trabecular bone mass of primary and
secondary spongiosa throughout the proximal metaphysis of
tibia in the DXM group. Notably, the AE-PS and alendronate
reversed the deleterious effects on the trabecular bone induced
by DXM and stimulated bone remodeling (Fig. 7A). Histological
staining showed that the AE-PS exerted greater effects on bone
structure compared with alendronate. Notably, the protein
expression of CaSR was increased in the tibias of mice with GIOP
compared with those of the untreated mice; however, AE-PS
treatment significantly downregulated the protein expression of
CaSR in the tibias of the mice with GIOP (Fig. 7B and C). By
contrast, the protein expression of CaBP-9k in the tibias of mice
with GIOP was decreased compared with those of the untreated
mice. The administration of the AE-PS to the mice with GIOP
significantly upregulated the protein expression of CaBP-9k in
the tibias (Fig. 7B and C).
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orally at a dose of 0.1 mg/kg/day in combination with DXM for 12 weeks (n=8); pomegranate seed (PS) group, mice received daily drinks of aqueous extract of
pomegranate seed (AE-PS) in combination with DXM for 12 weeks (n=8).

Discussion to clarify this issue, we examined the effects of the AE-PS and
compared them with the effects of alendronate in an experi-

An increasing amount of evidence suggests a role for the = mental mouse model of GIOP.

extracts of PS or pomegranate juice in the treatment of GCs are the mainstay of treatment of many rheumatic

postmenopausal bone loss in rodents (16,17,21,23,24). Proof  diseases and are also an important cause of secondary osteopo-

of efficacy, however, in the treatment of GIOP in comparison  rosis (25). Rapid loss of BMD with GC administration is greatest

with currently available treatments remains lacking. In order  in the first year of therapy and may be as high as 30% or more in
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the first 3-6 months depending on the dose (26). GCs are thought
to directly affect the differentiation and activity of osteoblasts
and osteocytes. In vitro studies have revealed that DEX induces
cytotoxicity and apoptotic cell death in osteoblastic cells and
increases the life span of osteoclastic cells, and the apoptosis
of osteoblasts is demonstrated by the decrease in the sub-Gl
cell population (27,28). In vivo studies demonstrated that, in
contrast to the non-treated rabbits or mice, the DEX-injected
subjects exhibited the typical features of GIOP as shown by the
measurement of the basic biomechanical parameters, including
reductions in BMD, and the increased disconnections and
separation of the trabecular bone network (29,30). It has been
found that these pathological changes in bone metabolism
correlate with disturbances of calcium homeostasis (31). As
expected, DEX significantly upregulated the urine calcium
concentration and downregulated the levels of serum calcium in
the mice. Consequently, this led to marked deterioration of the
trabecular bone at the proximal metaphysis of the tibia as shown
by H&E staining. By contrast, contradictory findings have been
demonstrated in premature infants, and DEX exerted no signifi-
cant effect on the urinary excretion of calcium, although DEX
treatment may increase the risk of osteopenia by enhancing
phosphate excretion (32,33).

In the present study, the administration of GC injections
successfully led to deleterious effects on the bone. The
GC-induced increase in bone resorption was confirmed by
the increased serum levels of TRAP-5b and CTX, and the
decreased serum level of ALP-b. Results from previous studies
suggested that the osteoprotective effect of PS or pomegranate
juice in the treatment of postmenopausal bone loss resulted
from the suppression of bone absorption (16,17,21). In
ovariectomized mice, the bone volume and the trabecular
number were significantly increased and the trabecular
separation was decreased in the pomegranate-treated group;
some histological bone formation/resorption parameters
were significantly increased by ovariectomy and these were
normalized by administration of the pomegranate extract;
these changes suggested that the pomegranate extract inhibited
ovariectomy-induced bone loss (16).

To elucidate the underlying mechanism involved in the
regulatory effects of the AE-PS on calcium metabolism,
the expression of active calcium transport proteins in the
duodenum and the kidney were measured as it has been demon-
strated previously that the extracellular calcium concentration
is regulated by the concerted actions of the intestine (intestinal
absorption), the kidney (renal re-absorption) and the exchange
of calcium to and from bone (34,35). Active calcium trans-
port in the duodenum and the kidney occurs in three stages:
calcium entry through epithelial calcium channels (TRPVS5
and TRPV6), buffering and/or transporting by CaBP-9k and
CaBP-28k, and extrusion through PMCA1b (36). Thus, the
expression of the above-mentioned targets was determined
in the present study. The results showed that the protein
expression of TRPV5, TRPV6 and CaBP-9k was significantly
decreased in the duodenum and the kidney, as well as PMCA1
expression in the kidney, in the mice with GIOP; however, the
decrease in the protein expression in the kidney and duodenum
of the mice with GIOP was reversed by the administration of
the AE-PS or alendronate. The calcium metabolic data clearly
demonstrated that the AE-PS or alendronate exerted protective
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effects on the maintenance of calcium homeostasis by regu-
lating calcium absorption in the kidney and the duodenum of
the mice with DXM-induced GIOP. Moreover, the regulatory
effect of the AE-PS on renal CaSR expression was examined.
The downregulation of CaSR in the kidney by the AE-PS
may provide a better explanation for its effective inhibition of
the elevated excretion of urinary calcium in mice with GIOP
shown by the present study. CaSR serves as a sensor of the
extracellular calcium level in different tissues and plays a key
role in regulating the of secretion of calciotropic hormones,
such as PTH and calcitonin (37).

Taken together, the findings of the present study
demonstrated that the AE-PS and alendronate succeeded
in ameliorating DXM-induced bone loss. The AE-PS and
alendronate effectively inhibited the loss of calcium from the
urine and ameliorated the histological damage caused to the
bone by DXM. The underlying molecular mechanisms, at
least partially, involve the regulation of kidney and duodenal
calcitropic genes and renal CaSR expression. According
to the comparative study, we found that the AE-PS amelio-
rated trabecular bone loss induced by a disrupted calcium
homeostasis due to DXM. In conclusion, these data suggest
that the AE-PS may be used as a novel alternative agent for
the management of secondary osteoporosis. However, further
studies are required in order to determine the precise effect of
each constituent of the AE-PS on bone.
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