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BACKGROUND/OBIJECTIVE: There is intense interest in soy isoflavone as a hormone replacement therapy for the prevention
of postmenopausal osteoporosis. A new kind of isoflavone-enriched whole soy milk powder (I-WSM) containing more isoflavones
than conventional whole soy milk powder was recently developed. The aim of this study was to investigate the effects of
I-WSM on bone metabolism in ovariectomized mice.

MATERIALS/METHODS: Sixty female ICR mice individually underwent ovariectomy (OVX) or a sham operation, and were randomized
into six groups of 10 animals each as follows: Sham, OVX, OVX with 2% I-WSM diet, OVX with 10% I-WSM diet, OVX with
20% |-WSM diet, and OVX with 20% WSM diet. After an 8-week treatment period, bone mineral density (BMD), calcium, alkaline
phosphatase (ALP), tartrate-resistant acid phosphatase (TRAP) 5b, osteocalcin (OC), procollagen 1 N-terminal propeptide (P1NP),
and osteoprotegenin (OPG) were analyzed.

RESULTS: BMD was significantly lower in the OVX group compared to the Sham group but was significantly higher in OVX
+ 10% I-WSM and OVX + 20% |-WSM groups compared to the OVX group (P < 0.05). Serum calcium concentration significantly
increased in the OVX + 10% and 20% |-WSM groups. Serum ALP levels were significantly lower in the OVX+ 10% and 20%
I-WSM groups compared to the other experimental groups (P < 0.05). OC was significantly reduced in the OVX group compared
to the Sham group (P < 0.05), but a dose-dependent increase was observed in the OVX groups supplemented with I-WSM.
P1INP and OPG levels were significantly reduced, while TRAP 5b level was significantly elevated in the OVX group compared
with the Sham group, which was not affected by I-WSM (P < 0.05).

CONCLUSIONS: This study suggests that I-WSM supplementation in OVX mice has the effect of preventing BMD reduction
and promoting bone formation. Therefore, I-WSM can be used as an effective alternative to postmenopausal osteoporosis

prevention.
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INTRODUCTION

Postmenopausal osteoporosis is usually associated with aging
and decreased levels of the ovarian sex hormone estrogen. The
main clinical manifestation of this metabolic disorder is
weakening of bones and increased risk of fractures [1]. This has
become a serious public health problem in the current aging
society. The first-line therapy for postmenopausal osteoporosis
is estrogen replacement therapy (ERT), which can prevent bone
loss and promote bone formation [2]. However, data also
suggest that ERT increases the risk of breast cancer, endometrial

cancer, vaginal bleeding, coronary heart disease, stroke, and
venous thromboembolism [3-5]. These serious side effects limit
the application of ERT. Thus, there is increasing interest in the
use of plant-derived estrogens, known as phytoestrogens.
Phytoestrogens are a large group of polyphenolics, i.e., non-
steroidal plant compounds with a chemical structure such as
17 B-estradiol, which can bind to estrogen receptors and mimic
the actions of estrogens on target organs, thereby exerting
many health benefits when used under hormone-dependent
conditions [6,7]. The main classes of phytoestrogens are isoflavones,
lignans, coumestanes, flavonoids, and stilbenes [8,9]. Among
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them, isoflavones have the most potent estrogenic activity;
genistein, daidzein, and glycitein, in particular, are the most
active isoflavones found in soybeans. Epidemiological and
experimental studies have confirmed that isoflavones have a
bone-sparing effect in postmenopausal women [10-12] and in
ovariectomized rat models [13,14]. However, the effect of
isoflavones on bone metabolism in postmenopausal women is
not always positive. Previous randomized controlled trials have
shown that the effects of isoflavones supplementation can differ
depending on the race/ethnicity of the subjects, research
design, variety of isoflavone supplements, dosage, duration of
exposure, and responsiveness of postmenopausal women to
isoflavones supplementation [15]. Recently, the chemical forms
of isoflavones have been reported to be important since they
can influence the bioavailabilities and, thus biological activities
of isoflavones [7].

A recently developed type of isoflavone-enriched whole soy
milk powder (I-WSM) was shown to contain about 8.8 times
more isoflavones than conventional whole soy milk powder
(WSM). Thus, I-WSM is expected to be more effective than WSM
in preventing and treating postmenopausal osteoporosis, and
this study was conducted to verify this idea.

MATERIALS AND METHODS

Preparation of I-WSM

I-WSM was produced by Uwell Bio Co. Ltd. (Gangneung,
Korea). Soybeans used in this study were cultivated in the
Yeongwol region of Gangwon province in 2015. Washed whole
soybeans were soaked for 7 h in water at a soybeans:water ratio
of 1:9. After 7 h of soaking, soybeans were grounded by using
a blender (K&S Co. LTD. Whasung, Korea). The slurry was
heated at 90°C for 1 h, followed by cooling at 55°C. To hydrolyze
carbohydrates, the slurry was added to 2% (w/w) termamyl
(Novozymes, Denmark) and then incubated at 55°C for 5 h. The
slurry was then centrifuged at 3,500 x g for 20 min to separate

Isoflavone and bone metabolism in ovariectomized mice

soy milk cake residues, and the resulting soy milk was obtained.
To hydrolyze protein, soy milk was added to 1% (w/w) alcalase
(Novozymes, Copenhagen, Denmark) and incubated at 55°C for
5 h, followed by addition of 1% (w/w) flavourzyme (Novozymes)
and incubation at 55°C for 5 h. Next, soy milk was boiled at
100°C for 30 min to inactivate enzymes. The final produced soy
milk was freeze-dried by using a vacuum freeze-dryer (Operon,
Kimpo, Korea) and grounded to a particle size of less than 75
pum for final use. The resulting powder was used as an
isoflavone-enriched whole soy milk powder (I-WSM) and stored
at -20°C until further use. The isoflavone content of this powder
was analyzed by using HPLC (Agilent, CA, USA). The concent-
ration of total isoflavones was 1,660 ug/g of I-WSM, which was
about 8.8 times higher than the isoflavone content of 187.8
pg/g of WSM.

Animals, diet, and study design

The study design is shown in Fig. 1 (n=10). A total of 60
7-week-old female ICR mice were purchased from Dooyeol
Biotech Co. Ltd. (Seoul, Korea). Each mouse underwent either
an ovariectomy (OVX, n =50) or were sham-treated (n =10) at
5 weeks of age. The mice were housed in polycarbonate cages
located in temperature-controlled rooms (23 + 3°C) with a relative
humidity of 50 £+ 10%, ventilation number of 10-15 times, illumi-
nation of 150-300 Lux, and a 12 h light/dark cycle. During the
adaptation period, all animals were given free access to food
from Cargill Agri Purina, Inc. (Seongnam, Korea) and water.

After 7 days of acclimation, the mice were randomly assigned
to six experimental groups: Sham, OVX, OVX with 2% |-WSM
diet (OVX + 2% I-WSM), OVX with 10% I-WSM diet (OVX + 10%
IFWSM), OVX with 20% I-WSM diet (OVX + 20% |-WSM), and OVX
with 20% WSM diet (OVX +20% WSM). The manufacturer of
WSM, which is a meal replacement supplement, claims that it
can replace up to 30% of daily food intake. The OVX + 20%
I-WSM and OVX + 20% WSM groups were formed in order to
compare the effects when I-WSM and WSM replaced 20% of
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Fig. 1. Experimental design. Sham, sham-operated; OVX, ovariectomized; I-WSM, isoflavone-enriched whole soy milk powder diet; WSM, whole soy milk powder. The mice were allocated

to six different treatment groups,
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daily food intake, and the OVX+ 2% I-WSM and OVX + 10%
I-WSM groups were for comparing the effects in relation to
I-WSM dosage. The number of animals in each experimental
group was 10. After the experimental groups were classified,
the mice were fed a basic diet (AIN-93G diet, Research Diets Inc,
New Brunswick, NJ, USA) for 4 weeks to induce osteoporosis.
Then, the experimental animals were fed I-WSM or a WSM-
containing experimental diet for 8 weeks. The experimental
diets were prepared by mixing 2% I-WSM, 10% I-WSM, 20%
[-WSM, or 20% WSM into AIN-93G diet. The daily food intake
in each group was measured, and the mice were weighed weekly.

These animal studies were conducted according to the
protocols with approval from the Animal Care and Use Committee
of Hallym University (approval number: Hallym 2017-23).

Specimen collection and biochemical assessment

After 8 weeks on the experimental diet, the mice were
anesthetized with tribromoethanol diluted with tertiary amyl
alcohol and blood was drawn from the orbital vein. Blood
samples were centrifuged at 3,000 rpm for 20 min at 4°C to
prepare the serum. The separated serum stored at -70°C was
subjected to biochemical analysis for the contents of calcium
(Ca), phosphorous (P), alkaline phosphatase (ALP), tartrate-
resistant acid phosphatase (TRAP) 5b, osteocalcin (OC), procoll-
agen 1 N-terminal propeptide (P1NP), and osteoprotegenin
(OPG). Serum levels of Ca, P, and ALP were measured by a blood
chemistry autoanalyzer (KoneLAb 20 XT, Thermo Fisher Scientific,
Vantaa, Finland). Serum levels of PINP, OPG, and OC were
measured using relevant ELISA kits (Elabscience Biotechnology
Inc, Houston, TX, USA), and serum levels of TRAP 5b were
measured using an ELISA kit (EIAab, Hubei, China), in accordance
with the manufacturer’s instructions.

Measurement of bone mineral density

The femurs of mice were dissected to remove soft tissues
and were then weighed. Femoral bone mineral densities (BMD)
were measured using a bone densitometer (PIXImus™, GE
Healthcare, Little Chalfont, England).

Histomorphological Study

The femurs were fixed in 4% paraformaldehyde solution for
24 h. After fixation, they were demineralized for 24 h in Calci-
Clear Rapid (National Diagnostics, Atlanta, GA, USA), treated
according to a general tissue-processing procedure, embedded
in paraffin, and then cut to a thickness of 10 um. The bone
tissues were stained with hematoxylin and eosin (H&E) and
examined under a light microscope (Axiomager, Carl Zeiss, Jena,
Germany).

Statistical Analysis

Statistical analysis was performed with SAS for Windows
version 9.1 software (SAS Institute, Cary, NC, USA). All data are
presented as a mean * standard error of the mean (SEM).
Differences in measured parameters among the experimental
groups were analyzed by one-way analysis of variance and
Duncan’s multiple range tests. Differences were significant for
P < 0.05.

RESULTS

Body weight and food intake

As shown in Table 1, final body weight and body weight gain
were significantly higher in the OVX group compared to the
sham group (P <0.01). There was no significant difference in
final body weight among the groups treated with OVX. Food
intake of the experimental animals did not differ among the
siX groups.

Effects of I-WSM on BMD and morphology of femurs in ovarie-
ctomized mice

After the treatments, BMDs of the femurs extracted from the
sacrificed animals were measured, and the results are shown
in Table 2. The BMDs of the left and right femurs were 0.093
+0.001 g/cm’ in the Sham group and 0.083 + 0.001 g/cm’ in
the OVX group, indicating that the OVX group had significantly
lower BMD than the Sham group (P < 0.001). This result indicates
that ovariectomies led to reduction of bone densities. Compared

Table 1. Body weight and food intake of mice treated with isoflavone-enriched whole soy milk powder (I-WSM)

Groups

Variables Sham OovX OVX +2% I-WSM OVX +10% I-WSM OVX +20% -WSM OVX +20% WSM
Initial body weight, g 268+03 27.8+04 27.8+04 27.6+0.3 276+03 27.8+0.2
Final body weight, g 409+1.7° 49.0+1.3° 474+19° 51.0+14° 492+ 1.6 51.1+15°
Weight gain, g 141+ 16° 21.2+1.2° 196 +1.7° 234+15° 21.6+1.8° 233+14°
Food intake, g/day 327 +0.09 330+0.10 322+0.10 3.44+0.10 3.46 £0.12 345+0.11

Values are expressed as mean + SE, Sham, sham-operated; OVX, ovariectomized; I-WSM, isoflavone-enriched whole soy milk powder; WSM, whole soy milk powder, Statistical
difference between the experimental groups based on one-way analysis of variance and Duncan’s multiple range tests at £< 0,05, Means with different alphabetical superscripts

are significantly different (< 0,05),

Table 2. Effects of isoflavone-enriched whole soy milk powder on bone mineral density of femurs in ovariectomized mice

Groups

BMD (g/cmd) Sham ovX OVX +2% I-WSM OVX+10% I-WSM  OVX +20% -WSM OVX +20% WSM
Left 0.093 + 0.001° 0.083 + 0.001° 0.085 + 0.002 0.090 + 0.002° 0.088 + 0.002° 0.086 + 0.001*
Right 0.094 + 0.001° 0.083 + 0.001° 0.086 + 0.001 0.090 + 0.001° 0.088 + 0.002° 0.085 + 0.002*
Left + Right 0.093 + 0.001° 0.083 + 0.001° 0.086 + 0.001> 0.090 +0.001° 0.088 + 0.002° 0.086 + 0.001*

Values are expressed as mean + SE, Sham, sham-operated; OVX, ovariectomized; I-WSM, isoflavone-enriched whole soy milk powder; WSM, whole soy milk powder, Statistical
difference between the experimental groups based on one-way analysis of variance and Duncan’s multiple range tests at £< 0,05, Means with different alphabetical superscripts

are significantly different (< 0,05),
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Fig. 2. Effects of isoflavone-enriched whole soy milk powder on femur bone morphology in ovariectomized mice. (A) G1: The femur in mice of the Sham group. (B) G2:
The femur in mice of the OVX group, (C) G3: The femur in mice of the OVX+2% IF-WSM group, (D) G4: The femur in mice of the OVX+ 10% F-WSM group, (E) G5: The femur in
mice of the OVX+20% I-WSM group, (E) G6: The femur in mice of the OVX+20% WSM group, All pictures were stained with H & E and examined under x40 magnification,

Table 3. Serum levels of calcium and phosphorous in ovariectomized mice treated with isoflavone-enriched whole soy milk powder for 8 weeks.

Groups

Variables Sham OoVX OVX +2% I-WSM OVX+10% FWSM  OVX +20% -WSM OVX +20% WSM
Ca (mg/dL) 9.89 +0.25° 9.17 £027° 9.56 +0.22° 10.53+0.18" 1038 +0.19° 1027 £0.14°
P (mg/dL) 10.13 +0.41° 877 +0. 45° 9.98 +0.53% 10.36 +0.39" 937 + 043 9.86 +0.61°

Values are expressed as mean + SE, Sham, sham-operated; OVX, ovariectomized; I-WSM, isoflavone-enriched whole soy milk powder; WSM, whole soy milk powder, Statistical
difference between the experimental groups based on one-way analysis of variance and Duncan’s multiple range tests at £< 0,05, Means with different alphabetical superscripts

are significantly different (< 0.05),

Table 4. Serum levels of bone turnover markers in ovariectomized mice treated with isoflavone-enriched whole soy milk powder for 8 weeks.

Variables Groups Sham ovX OVX+2% FWSM  OVX+10% IWWSM  OVX+20% I'WSM  OVX +20% WSM
ALP (U/L) 129.6 + 6.9 1426 +5.7° 1279 +7.0® 1141 +4.2° 1145 +5.1° 1243 +4.1°
OC (ng/mL) 46.71 £5.51° 2861 +361™ 24.60 +2.87° 37.76 +2.87° 46.68 + 5.42° 40.66 + 4.44°
PINP (ng/mL) 3.18+0.38 140 £0.15° 1.45+0.14° 140 £0.12° 1.40+0.11° 152 +0.19°
OPG (ng/mL) 2.75+037 0.80+0.11° 0.85 +0.08° 1.01£0.11° 1.01+0.29° 123+0.15°
TRAP 5b (U/L) 289 +0.12° 4.01+0.26 2.86+0.19° 283 +0.13° 2.82+0.17° 282 +027°

Values are expressed as mean + SE, Sham, sham-operated; OVX, ovariectomized; I-WSM, isoflavone - enriched whole soy milk powder; WSM, whole soy milk powder;
ALP, alkaline phosphatase; OC, osteocalcin; P1NP, procollagen type 1 amino-terminal propeptide; TRAP 5b, tartrate-resistant acid phosphatase 5b; OPG, osteoprotegerin,
Statistical difference between the experimental groups based on one-way analysis of variance and Duncan’s multiple range tests at < 0,05, Means with different alphabetical

superscripts are significantly different (£< 0,05)

to the OVX group, the OVX + 2% I-WSM group did not show
any difference in BMD, whereas the OVX + 10% and 20% |-WSM
groups showed significant increases in BMD. The OVX + 20%
WSM and OVX groups showed no difference in BMD. These
results show that greater than 10% I-WSM supplementation
prevented reduction of BMD in ovariectomized postmenopausal
animals and that I-WSM was more helpful in maintaining BMD
after menopause than WSM. However, BMD of the OVX + 20%
I-WSM group was lower than that of the OVX+ 10% I-WSM
group. These results suggest that the increase in BMD due to
I-WSM supplementation was not in a dose-dependent manner.
Further studies are needed to determine the levels of I-WSM
supplementation that may be helpful in increasing BMD.

As shown in Fig. 2, the density of the femoral cortical and

trabecular bone was significantly lower in the OVX group
compared to the Sham group. However, the magnitude of the
reduction tended to be lower in the OVX +I-WSM groups.

Effects of I-WSM on serum levels of calcium and phosphorous in
ovariectomized mice

Serum levels of Ca and P in the experimental groups were
measured in order to investigate the effect of I'WSM on mineral
homeostasis, and the results are shown in Table 3. Serum Ca
concentration of the OVX group was lower than that of the
Sham group; however, this value was not statistically significant.
In contrast, the concentrations of Ca in the OVX + 10% I-WSM,
OVX +20% I-WSM, and OVX +20% WSM groups were signi-
ficantly higher compared with the OVX group. Serum P concent-
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ration was significantly reduced by ovariectomy but then
recovered to be the same level as the Sham group upon I-WSM
or WSM supplementation.

Effects of I-WSM on serum levels of bone turnover markers in
ovariectomized mice

Serum levels of bone turnover markers in the experimental
groups are shown in Table 4. In this study, ALP, OC, P1NP, and
OPG were measured as bone formation markers, and TRAP 5b
was measured as a bone resorption marker. ALP, an enzyme
secreted from osteoblasts, reflects the activity of osteoblasts
and is an important index of osteogenesis. It has been reported
that an increase in serum ALP level is associated with an increase
in osteoblast activity after ovariectomy-induced osteoporosis
[16]. In this study, serum levels of ALP were significantly increased
in the OVX group compared to the Sham group. Serum levels
of ALP were significantly lower in the OVX + 10% I-WSM, OVX
+20% I-WSM, and OVX +20% WSM groups than in the OVX
group. OC, a protein produced in osteoblasts, reflects the activity
of osteoblasts and is an important indicator of bone formation.
The OC level was significantly reduced in the OVX group
compared to the Sham group, but dose-dependently elevated
in the OVX groups upon I-WSM supplementation. In OVX mice
supplemented with 20% I-WSM or 20% WSM, the OC level
increased to the same level as the Sham group. OPG is an
osteoclastogenesis inhibitory factor that inhibits activation of
osteoclasts and promotes osteoclast apoptosis [17], and P1NP
has recently emerged as a better marker of bone formation
than ALP [18]. In this study, PINP and OPG levels were signi-
ficantly reduced by ovariectomy and did not recover to the
same levels as the Sham group, even in OVX groups supple-
mented with I-WSM or WSM.

Under normal circumstances, TRAP is highly expressed by
osteoclasts. TRAP expression is increased under certain patho-
logical conditions such as osteoporosis [19]. TRAP 5b level was
significantly elevated in the OVX group compared to the Sham
group, whereas it decreased to the same level as the Sham
group in OVX groups supplemented with I-WSM or WSM.

The results above indicate that changes in ALP, OS, and TRAP
5b in OVX mice can be prevented by supplementation with
I-WSM or WSM. However, changes in PINP and OPG due to OVX
did not recover, even upon supplementation with I-WSM or
WSM. Therefore, in the context postmenopausal bone metabolism,
isoflavone supplementation seemed to have a greater effect on
bone formation markers than on bone resorption markers,
which may vary depending on the type of bone formation
marker under investigation.

DISCUSSION

Estrogens are important regulators of body composition and
lipid metabolism in females [20]. After menopause, estrogen is
no longer secreted, which often results in obesity [21]. This
study was conducted to determine the estrogenic effects of soy
isoflavone, a phytoestrogen that affects bone metabolism, in
ovariectomized female mice in vivo. In our study, OVX ICR mice
were chosen as an animal model. A bilateral OVX ICR mouse
model was utilized to mimic the conditions in postmenopausal

women [22]. It has already been demonstrated that ovariec-
tomized mice and rats show significant increases in visceral
adipose tissue mass as well as an increased risk of obesity
compared to Sham controls [23,24]. In this study, the body
weight of the OVX group was significantly higher than that of
the Sham group, although there was no difference in food
intake among the experimental groups. OVX groups supplemented
with I-WSM and WSM also had a significantly higher body
weight than the Sham group. This differs from other studies,
in which an isoflavone-enriched diet was shown to inhibit
weight gain in OVX rats [24]. This may be due to differences
in the duration and dose of isoflavone supplementation and
age at ovariectomy.

It has been reported that OVX and OVX-induced obesity are
associated with reduced bone formation [24-26]. In agreement
with data from the literature [24-26], we observed ovariectomy-
induced bone loss in the animal model in this study (Table 2).
Previous studies have shown that an isoflavone-rich diet exhibits
bone protective effects in OVX animals. In this study, isoflavone
supplementation inhibited reduction of BMD in OVX mice (Fig
2, Table 2). In addition, although the gap was relatively small,
I'WSM supplementation seemed to be more effective in improving
BMD of OVX mice compared to WSM supplementation. However,
improvement of femoral BMD by I-WSM supplementation in
OVX animals was not completely dose-dependent. Diets with
10% I-WSM or 20% I-WSM had the effect of inhibiting OVX-
induced BMD reduction compared to a diet with 2% |-WSM.
However, the respective effects of 10% and 20% I-WSM on the
femoral BMD of OVX mice did not significantly differ, while
being slightly higher in the 10% I-WSM supplementation group.
Therefore, further studies are needed to determine the optimal
level of I-WSM supplementation to prevent postmenopausal
osteoporosis.

Previous studies have suggested that isoflavones could exert
estrogen-like effects in estrogen-deficient animal models and
postmenopausal women [5,12,27]. Studies by Wang [28] have
showed that genistein supplementation promotes bone minerali-
zation by increasing bone Ca, P, and Mg, thereby preventing
osteoporosis by adjusting serum calcitonin. Qi and Zheng [5]
reported that genistein supplementation (5 mg/g body weight)
for 10 weeks increased serum levels of Ca and P in ovariecto-
mized rats. In this study, following treatment with I-WSM for
8 weeks, serum Ca and P levels in OVX mice increased (Table 3).
Particularly, serum Ca levels in the OVX + 10% I-WSM, OVX +
20% I-WSM, and OVX + 20% WSM groups were higher compared
to the Sham group (P < 0.05).

In this study, several bone turnover markers related to bone
formation and bone resorption were analyzed. Maintenance of
bone mass is achieved through a balance between the osteogenic
action of osteoblasts and the bone resorption action of osteoclasts
[16]. After menopause, bone resorption occurs faster than osteo-
genesis, which causes loss of bone mass [29]. Bone turnover
markers have been studied for decades. Biochemical monitoring
of bone metabolism involves the measurement of enzymes and
proteins secreted during bone formation and bone resorption.
Although BMD is the best diagnostic tool to diagnose osteo-
porosis and bone turnover markers are used more as adjunctive
factors, the effectiveness of bone turnover markers has been
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verified in numerous recent reports [30-32]. Bone turnover
markers change more rapidly than BMD or risk of fracture and
are thus useful for early analysis of osteoporosis treatment
effects [32]. The serum bone formation markers analyzed in this
study were ALP, OC, PINP, and OPG. ALP has been clinically
available for several years as a marker for bone metabolism [33].
In bones, ALP is present in the cell membrane of osteoblasts
and is an indicative markers of osteogenic activity [16]. OC, a
non-collagen bone matrix protein, is produced by osteoblasts
and is implicated in bone mineralization [33]. As the bone matrix
is mineralized by the deposition of newly formed OC, a portion
of it is released into the blood [33,34]. Therefore, serum OC
level is considered as a specific marker of osteoblast function
related to bone formation, as it correlates with the bone formation
rate [35]. Procollagen type 1 contains N- and C-terminal extensions,
which are removed by specific proteases during conversion of
procollagen to collagen. These extensions are the C- and
N-terminal propeptides of procollagen type 1 (P1CP and PTNP).
It was reported that P1NP is a very sensitive marker of the bone
formation rate in osteoporosis [30]. OPG is also known as
osteoclastogenesis inhibitory factor or tumor necrosis factor
receptor superfamily member 11B. OPG production is stimulated
in vivo by the female sex hormone estrogen. OPG has been
reported to inhibit osteoclast activation and promote osteoclast
apoptosis [17]. OPG specifically acts on bone, increasing BMD
and bone volume [36]. Moreover, OPG has been used experi-
mentally to reduce bone resorption in women with postmeno-
pausal osteoporosis and in patients with lytic bone metastases
[371. In this study, the levels of ALP, OC, PINP, and OPG were
all altered to indicate osteoporosis after ovariectomy (Table 4).
ALP level was not significantly different between the OVX and
Sham groups, whereas it significantly decreased in the OVX +
10% I-WSM and OVX + 20% |-WSM groups compared to the
Sham group. Serum levels of OC decreased significantly in the
OVX group compared to the Sham group, but increased dose-
dependently by I-WSM supplementation and were recovered
to the same level as the Sham group. Serum levels of P1INP
and OPG showed significant reductions in OVX to 44% and 29%,
respectively, compared with the Sham group, and this decrease
was not reversed even after I-WSM supplementation. It was
reported in three previous randomized controlled trials that
supplementation with soy isoflavone had no significant effect
on serum P1NP [38-40]. In contrast to our OC results, Fu et al.
[12] reported in systematic reviews and meta-analyses that
phytoestrogen treatment increased BMD and significantly reduced
bone turnover markers such as ALP and OC. In this study, 'WSM
seemed to influence bone formation in OVX-induced postme-
nopausal animal models. However, these effects were significantly
different depending on the type of bone formation marker. In
other words, regarding the four bone formation markers analyzed
in this study, I-WSM supplementation in OVX-ICR mice was most
effective in altering OC, slightly effective in altering ALP, and
ineffective in altering PINP and OPG levels.

TRAP 5b, which has been reported as a sensitive marker of
bone resorption, was also analyzed in this study [41,42]. Human
serum contains two forms of TRAP, namely 5a and 5b. Unlike
5b, the 5a variant contains sialic acid. In this study, the level
of TRAP 5b was 138.8% higher than that of the Sham group

following OVX (Table 4). However, this dramatically decreased
to Sham level after -'WSM supplementation. Thus, I-WSM supple-
mentation in OVX menopausal mice seemed to be effective in
preventing bone resorption.

In conclusion, this study examined the effect of I-WSM on
bone metabolism in ovariectomized menopausal mice. Our
results suggest that I-WSM supplementation made a moderate
contribution to prevention of BMD reduction in OVX mice,
maintenance of serum Ca and P levels, reduction of a bone
resorption marker (TRAP5b), and elevation of a bone formation
marker (OC). Therefore, I-WSM can be used as an effective
alternative to postmenopausal osteoporosis prevention. This
study is important to reaffirming the supplemental effect of
isoflavone on bone metabolism in postmenopausal animal models
and confirming the functional properties of soybean milk
products fortified with isoflavones through a special process.
However, I-WSM did not demonstrate significant improvement
compared to WSM in terms of BMD, serum Ca and P concen-
trations, and bone turnover markers. These results do not seem
to meet expectations, considering that I-WSM has an 8.8 times
higher isoflavone content than WSM. This discrepancy is
probably because the effect of isoflavone on postmenopausal
BMD becomes saturated over a certain concentration or due
to the difference between I-WSM and WSM in terms of compo-
nents than isoflavone. Further studies will have to be conducted
on the optimal concentration, availability, and mechanism of
action of isoflavone-containing substances in preventing post-
menopausal osteoporosis.
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