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Abstract
Background and Objective: Soybeans are known for their positive influence on the prevention of osteoporosis in postmenopausal
women. Soybean sprouts produce bioactive compounds that are better than soybeans. This study aimed to compare the potential of
soybean sprouts with soybean and ethinylestradiol on the changes of biomarkers of bone turnover activity in ovariectomized rats (OVX).
Materials and Methods: Twenty-five female Sprague-Dawley rats aged 2 months were placed into 5 groups: (i) normal control (without
OVX) (N-C); (ii) OVX control (OVX-C); (iii) OVX+ethinylestradiol (30 µg kgG1 b.wt.,/day, orally) (OVX-E); (iv) OVX+soybean flour (based on
a dose 10 µg gG1 b.wt.,/day of isoflavones, orally) (OVX-S); (v) OVX+soybean sprout flour (based on a dose 10 µg gG1 b.wt.,/day of
isoflavones, orally) (OVX-SS). All groups were treated for 6 weeks and all rats were fed an AIN-93M-based diet. Blood samples were
collected before and after treatment for analysis of serum biomarkers of bone turnover and estradiol hormone. Data were analyzed using
one-way ANOVA, followed by Duncan’s Multiple-Range (DMR) test. Results: The increase of osteocalcin (OC) and beta-crosslaps (βCTx)
in the serum of the OVX-SS group was lower than in the OVX-S group and was the same as the OVX-E group. The OVX-C group
experienced the highest increase in OC and βCTx. All groups of OVX rats also experienced a significant decline in estradiol hormone. There
was no difference in the decrease in serum estradiol in the OVX-S and OVX-SS groups. Conclusion: The results of the study show that
soybean sprout flour consumption provides better inhibition of bone turnover activity than soybeans in ovariectomized rats. The potential
of soy and soybean sprouts in estradiol hormone recovery on ovariectomized rats is not different.
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INTRODUCTION

Osteoporosis is often called a silent disease because it
does not show symptoms until bones are fragile and fractures
occur1. Women are at higher risk for  osteoporosis than men,
as this disease is associated  with  the  decreased  production
of estrogen2,3. Estrogen plays an important role in the
maintenance of bone density by regulating the formation and
resorption of bone by osteoblast and osteoclast cells4. Bone
turnover activity can be measured via serum biochemical
markers, such as osteocalcin (OC) and beta-crosslaps (βCTx)5.
Estrogen deficiency in postmenopausal women is associated
with increased bone turnover activity. High bone turnover
activity leads to bone loss, making bones fragile and
susceptible to fractures1.

Estrogen deficiency can be improved through Hormonal
Replacement Therapy (HRT). HRT is known to cause
undesirable side effects, such as increased risk of heart
disease, endometrial cancer and ovarian disease6,7. 

One alternative to HRT is the use of phytoestrogens,
especially isoflavones8. Several studies show the positive role
of isoflavones on the prevention of bone loss9,10. Soybeans are
natural source of isoflavones. Soybean consumption could be
encouraged as an alternative to estradiol treatment for a safer
and more natural approach to HRT. Park et al.11 and Alekel et
al.12 have shown that the consumption of soybeans and
soybean extract, both in ovariectomized rats and
postmenopausal women, could improve the activity of
biochemical markers of bone formation and increase bone
mass. However, soybeans contain compounds that interfere
with the absorption of nutrients, such as trypsin inhibitors,
acid phytat, α-galactosidase, tannin, hemaglutinin and
oxalate13,14. Using simple technology to affect the germination
of soybeans can improve nutritional components, such as
protein, free amino acids, α-tocopherol, vitamin C, fiber, etc.
and increase the bioactive compounds, such as polyphenols
and isoflavones15,16. Artificial germination is also able to reduce
the anti-nutritional components of soybeans15,17. 

The bioactive compounds of soybean sprouts are better
than those of soybeans. Soybean sprouts have better potential
in the prevention of bone loss in postmenopausal women and
in the rat model as detected through biochemical markers of
osteoblast and osteoclast cell activity and by an increase in the
estrogen hormone expressed by levels of OC, βCTx and serum
estradiol. The study aimed to compare the potential of
soybean sprouts with soybeans and ethinylestradiol on the
changes in biochemical markers of bone turnover activity in
ovariectomized rats (OVX), or postmenopausal model rats. 

MATERIALS AND METHODS 

Materials: Soybean seed varietal Anjasmoro was obtained
from Balai Penelitian Kacang-kacangan dan Umbi-umbian
Kendalpayak Malang, Jawa Timur Indonesia. Ethinylestradiol
0.05 mg/tablet (Lynoral) was obtained from PT Sydna Farma,
Jakarta Indonesia. Osteocalcin (OC) and beta-Crosslaps (βCTx)
Enzyme-linked Immuno Sorbent Assay (ELISA) kits were
obtained from Cloud-Clone Corp (USA), while estradiol ELISA
kits were obtained from DRG (Germany).

Preparation of soybeans and soybean sprout flour: The
germination process was initiated by soaking the soybeans in
a 2% NaCl solution for 8 h. Germination continued for 36 h in
a dark environment (modification of Rusydi and Azrina)17.
Soybean  sprouts  were  then  dried using a cabinet dryer for
12 h at a temperature of ±50EC. Both the soybean flour and
the soybean sprout flour were prepared using a disk mill and
sieve (mesh size 80). The flour was then packed in
polyethylene bags for later use.

Animals and diets: This study obtained ethical clearance from
the Commission on Ethical Clearance LPPT UGM, No: 206/KEC-
LPPT/XII/014. Twenty-five female Sprague Dawley rats aged 2
months were obtained from the Integrated Research and
Testing Laboratory (LPPT) at the Universitas Gadjah Mada
(UGM) for the experiement. Rats were raised in individual
cages in an air-conditioned room at a temperature of 26-29EC;
humidity: 60-70%, with a 12 h cycle of light and dark. After
adapting to the environment for the first week, 20 rats were
ovariectomized (OVX), while five other rats were dissected
without ovarian retrieval as the normal control group. The rats
were anesthetized using ketamine (10%) and xylazine (2%),
given as an intramuscular injection prior to surgery18. All rats
were fed -93 M diet19 through the 1-week recovery period.
Next,  the  rats   were   randomly   divided   into  five  groups:
(i) normal control (without OVX) (N-C); (ii) OVX control (OVX-C);
(iii) OVX+ethinylestradiol (OVX-E); (iv) OVX+soybean flour
(OVX-S);  (v)  OVX+soybean  sprout  flour (OVX-SS). All rats
were fed a base  diet  of  AIN-93  M.  All  treatments  were
given  orally  for  6  weeks,  with  the  amount   of  soybean
flour   and   soybean   sprout   flour  given  based  on  a  dose
10 µg gG1 b.wt.,/day of isoflavones. Treated with
ethinylestradiol at 30 µg kgG1 b.wt.,/day. During the
experiment, the weight of each rat was checked every 2 days. 

Sample collection: Blood samples were collected before and
after  treatment  to  analyze  the  biochemical  serum.  After  an
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overnight fast, blood samples were taken from the rats’ orbital
sinus under anesthesia with an intramuscular injection of
ketamine (10%) and xylazine (2%). Blood was collected in
microtubes and centrifuged at 3000 rpm for 15 min (Thermo
Scientific, Micro Legend 12) and then stored at -20EC until
analyzed. 

Determination of bone turnover marker and estradiol
hormone: Using a commercial OC kit, beta βCTx and estradiol
kit, OC levels (as a marker of bone formation), βCTx levels (as
a marker of bone resorption) and estradiol hormone in serum
were measured. All analyses were conducted adhering to the
instructions of the test kit manufacturers. The results were
analyzed using the ZN-320 Zenix (Briloner Landstrade,
Korbach-Germany) microplate reader. The data represent the
percentage change of OC, βCTx and estradiol hormone in the
serum before and after the set treatment.

Statistical analysis: Data were analyzed using one-way
analysis  of  variance  (ANOVA),  followed by Duncan’s
Multiple-Range (DMR) test using the SPSS 18.0 Statistical
Software Program (SPSS, Inc., IBM, Chicago, Illinois, USA).
Differences of p<0.05 were considered statistically significant.

RESULTS AND DISCUSSION 

Serum osteocalcin (OC) and beta-crosslaps (βCTx): All groups
of rats showed increased levels of serum osteocalcin and βCTx.
There was a significant difference in the degree of change in
serum levels of OC and βCTx between the OVX and N-C groups
(p<0.05) (Table 1). The highest increase in OC and βCTx serum
levels was observed in the OVX-C group. The degree of change
in OC and βCTx levels in the OVX-E and OVX-SS groups was
similar, yet was lower than in the OVX-C and OVX-S groups.
The OVX-S group experienced a smaller increase compared to
OVX-C group.

Table 1: Changes in bone turnover biochemical biomarker and estradiol on
ovariectomized rats administered with soybean flour, soybean sprout
flour and ethynilestradiol

Changes (%)
Groups ------------------------------------------------------------------------------
treatment Osteocalcin Beta crosslaps ($CTx) Estradiol 
N-C  3.69±2.25a  7.06±2.47a  2.51±9.19d

OVX-C 20.60±2.52d 102.59±6.86c -52.28±6.85a

OVX-E 10.96±0.69b  54.77±6.40b  -18.60±6.87c

OVX-S 17.25±2.40c  97.29±12.76c -39.35±8.79b

OVX-SS 12.73±1.04b  63.26±7.09b  -32.15±10.05b

NC: Normal control, OVX-C: Ovariectomized control, OVX-E: Ovariectomized
+estradiol, OVX-S: Ovariectomized+soybean flour, OVX-SS: Ovariectomized
+soybean sprout flour. Data were analyzed using ANOVA, values are Mean±SD.
Values with different superscripts within a column are significantly different at
p<0.05 by Duncan’s Multiple-Range (DMR) test

OC and βCTx are activity markers of osteoblasts (bone
formation) and osteoclasts (bone resorption) and are found in
blood serum. Both types of cells play a role in bone turnover,
thus high levels of these markers indicate high bone turnover
activity. High  bone  turnover can lead to the loss of bone
mass. As explained by Lelovas et al.20, after the rats are
ovariectomized, they experience high activity of bone
resorption,  leading  to  bone  mass  loss.  According  to
Hoegh-Andersen et al.21 estrogen deficiency induced by
ovariectomy will lead to decrease in bone mass due to
increased activity of osteoclasts. Lim and Kim22 found that four
weeks after ovariectomy, rats experienced significant
deterioration in bone mass.

High levels of βCTx indicated excessive osteoclast cell
activity, which was followed by high osteoblast cell activity23,24.
The results of this study also indicated high bone turnover in
the ovariectomized group compared with the control group.
These results explain the minimal change in OC and βCTx
levels in the OVX-E and OVX-SS groups compared to the
ovariectomized groups. The increase in βCTx levels was similar
in the OVX-S and OVC-C groups. 

Increased serum concentrations of OC and βCTx are
related to low estrogen levels secondary to ovariectomy in
rats. Researchers have previously reported similar findings22,25.
According to Wafay et al.10, decreased estrogen led to
increased bone turnover. Estrogen lowered differentiation of
osteoclast progenitor cells, inhibited bone resorption activity
and induced apoptosis of mature osteoclasts26. Administering
estradiol or isoflavones to ovariectomized rats can inhibits the
increase of both OC and βCTx22,25, leading to a reduction in
bone turnover and loss.

Beneficial effects of legume isoflavones on the activity of
osteoclasts and osteoblasts in osteoporosis rat models have
been previously  reported.  Soybean  isoflavones  are known
to induce bone formation through several mechanisms,
including stimulation of activity, proliferation and
differentiation of osteoblast cells27,28 protecting osteoblasts
from apoptosis and encouraging bone formation. Isoflavones
also helped suppress  osteoclast  cell  activity  and  increase
the activity of osteoblasts29. Byun and Lee’s work30 also
demonstrates that isoflavones are effective in decreasing bone
loss in ovariectomized rats.

The role of soybean isoflavones on balancing the activity
of osteoclasts and osteoblasts (rate of bone turnover) depends
on the dose and duration of consumption. Picherit et al.31

suggested that isoflavones may decrease bone turnover
through dose-dependent anti-osteoclastic activity. A study by
Wafay et al.10 showed that treating ovariectomized rats with a
phyto soya extract at 30.6 mg dayG1 for 12 weeks significantly
lowered  serum  osteocalcin  (12.93±1.13  ng  dLG1)  compared
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with a control group (19.77±2.08 ng dLG1). Data obtained by
Picherit et al.31 showed that isoflavones could prevent the
decrease in Bone Mass Density (BMD) in ovariectomized rats
after 13 weeks of treatment. Likewise, Jeon et al.32 discovered
that BMD is significantly different in ovariectomized rats after
administration of isoflavone treatments for 19 weeks.

Administering soybean sprout flour to ovariectomized rats
did increase their serum OC and βCTx, but the improvement
was more significant in rats receiving soybean flour. The
presence of components other than isoflavones in soybean
sprout flour may have contributed to the suppression of bone
turnover activity. Soybean sprouts are known to have higher
level of antioxidant components than soybeans, i.e., phenolic,
α-tocopherol and vitamin C16. Ovariectomy in rats also causes
oxidative stress, which decreases bone mineral density33,34.
Norazlina et al.35 reported that Reactive Oxygen Species (ROS)
can accumulate in ovariectomized rats, causing stress
oxidation, an increase in osteoclast cells and bone loss.
Antioxidant components play an important role in the
suppression of osteoclast cell activity secondary to oxidative
stress in ovariectomized rats33. 

Arslan et al.34 showed that ovariectomized rats
supplemented with vitamin C have lower markers of oxidative
stress than those in control groups. Setiawan et al.36 reported
that administration of soy sprouts at 2.12 g/day for 4 weeks
can   lower  markers  of  oxidative  stress  in Sprague Dawley
rats with hypercholesterolemia by decreasing levels of
malonaldehyde (MDA) and increasing levels of superoxide
dismutase (SOD).

Serum estradiol level: Serum estradiol levels in the OVX
group  of rats significantly decreased compared to those the
N-C group of rats, especially because levels in the N-C group
of rats increased (Table 1). The decline of serum estradiol in
the OVX-C group was significantly higher than in the other
OVX group; the lowest decline was seen in the OVX-E group,
while the OVX-S and OVX-SS goups showed no difference.

These results offer several impressions. First, rat serum
estradiol levels increased after ovariectomy with the treatment
given to the OVX-E; OVX-S and OVX-SS groups. Second, the
dose given to rats for 6 weeks was not sufficient to prevent
estrogen depletion secondary to ovariectomy.

Estrogen hormone is produced by cells in the lutein,
which is located in the ovarian theca interna37. Therefore,
ovariectomy directly causes a decrease in estrogen
production38, 26. The results of this study are similar with those
obtained by Lee et al.26, showing no significant difference
between serum estradiol levels in groups of ovariectomized
rats given legumes with serum estradiol levels in an
ovariectomized control group. In the previous study, four

types of legumes had been given to four different groups of
rats for 10 weeks, with legumes (cornstarch) replacing as
much as 35% of the rats’ feed. Treatment using estradiol
showed different results. Modder et al.39 demonstrated that
the serum estradiol level of ovariectomized rats given estradiol
at  5-20  :g  kgG1/day  for  1  month  was  similar  to that of
non-ovariectomized rats. This is similar to data obtained by
Lim et al.24 showing  that  the  provision  of  17  β-estradiol at
10 µg kgG1/day for 8 weeks significantly increased the serum
estradiol level more than that in a control group. Treatment
using isoflavones extracted from P.  lobata  administered orally
at a dose of 30 mg kgG1/day brought no effect, yet at a higher
doses of 100 mg kgG1/day, serum estradiol increased
significantly more than in a control group. Lim et al.24

suspected that phytoestrogen  supplementation  in high
doses could improve the level of estradiol via activation of
estrogen by sulfotransferase (SULT1E1) gene expression in
ovariectomized rats. These studies appear to demonstrate that
dose and duration of administration of estradiol and/or
isoflavones affect the serum estradiol levels in ovariectomized
rats.

CONCLUSION 

The results  of  the study showed that soybean sprout
flour consumption provided a better effect on the inhibition
of bone turnover activity in  ovariectomized rats than
soybeans did. The potential of soybean and soybean sprouts
in estradiol hormone recovery on ovariectomized rats was not
different.

These results indicate that soy sprouts have a positive
effect on the reduction of bone loss in ovariectomized rats. It
is suggested that consumption of soybean sprout flour on a
regular basis could help to reduce the loss of bone mass in
postmenopausal women.

SIGNIFICANCE STATEMENT 

This study discovers the possible synergistic effect of
isoflavones  and  other  antioxidants  in sprouts such as
vitamin C, vitamin E and polyphenol in the prevention of bone
loss in ovariectomized rats. Other combinations that may be
more effective for the prevention of osteoporosis in a
postmenopausal rat model are isoflavones, antioxidant
compounds, calcium, vitamin D and physical exercise. This
study will help the researcher to uncover the critical area of
postmenopausal bone loss that many researchers were not
able to explore. Thus, new theories on combinations of
isoflavones, antioxidant compounds and calcium as well as
other combinations may be discovered. 
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