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The main objective of this research was to determine the effect of consumption of corn sprouts and soybean sprouts
formulas enriched with eggshells as a source of calcium corn and soybean sprouts with eggshells (CSSEs), on
the improvement of oxidative stress and estrogen hormone depletion in ovariectomy (OVX) rats. The animals
used Sprague Dawley rats were divided into four groups, (i) without OVX (NC); (ii) OVX control (OVX-C); (iii)
OVX+ethynylestradiol (OVX-E); (iv) OVX+CSSE (OVX-K). All treatments were given orally for 6 weeks. After
6 weeks, the OVX group experienced a higher increase in body weight than the NC group. The results of serum
analysis showed that the control group (NC) had the highest estradiol level and the lowest in OVX-C, while the
OVX-E and OVX-K groups showed an increase in serum levels of estradiol after treatment. The addition of estradiol
and CSSE increased serum Ca and P. After the treatment, there was an increase in superoxidase dismutase (SOD)
levels in the OVX-E and OVX-K groups, and vice versa in the OVX-C group decreased. Serum malondialdehyde
(MDA) levels decreased after treatment in the OVX-E and OVX-K groups and increased in the OVX-C groups.
CSSE consumption improved estrogen depletion and oxidative stress with SOD and MDA markers and increased

Ca and P in postmenopausal ovariectomized rats.

1. INTRODUCTION

The incidence of bone fractures (fractures) and osteopenia (early
osteoporosis) in menopausal women is becoming an increasingly
serious problem. It is reported that as many as 10%-30% of women
aged over 40 years in the Asia-Pacific region experience osteoporosis
or postmenopausal osteoporosis (PO). Menopausal women have a 5.6
times risk of developing osteoporosis [1]. The onset of PO disease is
associated with a decrease in estrogen production hormone during
women's aging process. Estrogen is essential in metabolism, bone
formation, parathyroid hormone, and vitamin D [2]. Estrogen will
promote bone formation by increasing osteoblast activity by acclimating
bone calcium resorption [3]. Estrogen deficiency in postmenopausal
women causes an imbalance in the absorption and excretion of Ca and P
in the blood so bones become brittle and break easily [4].

Estrogen deficiency causes an increase in oxidative stress induced by
reactive oxygen species (ROS) during aging. Oxidative stress is also
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an important pathogenic factor of PO [5]. Lipid peroxidation is one
of the most harmful effects of the presence of ROS, where the final
product is malondialdehyde (MDA). Elevated serum MDA levels are
known to increase bone soldering. The increase in MDA was indicated
by a decrease in the activity of the antioxidant enzymes superoxidase
dismutase (SOD) and glutathione peroxidase in serum [6]. Increased
production of oxidative stress due to ROS accumulation has been
confirmed to cause inflammatory conditions and impact bone remodeling
imbalance. When the production of the hormone estrogen decreases, the
function of osteoclasts, osteoblasts, and osteocytes in bone remodeling
does not function. At the same time, there is an increase in nicotinamide
adenine dinucleotide phosphate oxidase in the membrane and a decrease
in the capacity of the antioxidant system so that bone resorption is more
significant than bone formation, resulting in PO [5,7].

Hormone replacement therapy, especially for symptomatic relief of
PO, has been widely used, with various contraindications reported.
Among various interventions, soy phytoestrogens, in this case,
isoflavones, have been confirmed to reduce oxidative stress without
side effects and contribute to developing effective therapies
to reduce PO symptoms [8]. Administration of isoflavone-rich
soybean sprout flour to postmenopausal rats has previously been
reported to increase Ca levels and improve Ca:P balance in the
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sera of ovariectomized rats [9]. The granulated mixture of corn
and soybean sprouts (CSSs) has a chemical composition that has
the potential for bone health. CSS isoflavones have increased
bone formation activity in the bone remodeling process [10]. The
CSS formulation will be more complete if enriched with calcium-
sourced food ingredients. Duck egg shells contain a calcium
component of 10.11% [11,12], so they can be used for bone health,
especially for PO sufferers.

Isoflavones in CSS flour enriched with calcium from eggshells corn
and soybean sprouts with eggshells (CSSEs) are believed to prevent
oxidative stress and ROS accumulation through the estrogenic effect
produced by its genistein and daidzein components. This formula
is hoped to be an alternative to hormone replacement therapy that
is safe, healthy, and economical, especially for eliminating PO
symptoms. The CSSE flour formula needs to be studied further for its
physiological effects in inhibiting the production of oxidative stress in
postmenopausal women through increasing SOD activity in reducing
serum MDA levels in postmenopausal females Sprague Dawley rats
obtained through ovariectomy (OVX).

2. MATERIALS AND METHODS
2.1. Materials

Soybean seed and corn yellow seed varietal Anjasmoro were
obtained from Legumes and Tubers Crops Research Institute
(Malang—Indonesia), and shells of duck eggs from duck farmers
(Semarang—Indonesia). Ethinylestradiol 0.05 mg/tablet—Lynoral
(PT Sydna Farma, Jakarta—Indonesia), estradiol Enzyme Linked
Immunosorbent Assay (ELISA) kits (DRG—Germany), daidzein, and
genistein standard (Sigma-Aldrich—Germany), Ca and P reagent kit
(DiaSys—Germany).

2.2. CSS Production

CSS was produced using the previous method Aminah e al. [13]. Corn
and soybean seeds that have been sorted and washed with running
water, soaked for 6 hours, drained, washed thoroughly, and drained
again. Furthermore, corn and soybeans were placed on the baking
sheet plastic net and given base cloth wipes, then placed in a closed
room in dark conditions. Germination was performed for 36 hours and
was done by spraying water every 6 hours. After the Sprouts obtained
were washed, drained, and sprouts were dried in a cabinet dryer with
a temperature of + 50°C for 8 hours. Grinding the Sprouts of corn and
soybeans is done using a disk mill.

2.3. Eggshell Flour Production

The shells of duck eggs were washed and shrunk manually using
a hand-made size reduction of approximately (0.12-0.52 mm).
Further soaking with distilled water at a temperature of 100°C for 10
minutes followed by immersion using acetic acid (CH,COOH) with a
concentration of 2 N for 3 hours at a temperature of 60°C using a water
bath, each extractant has a concentration of 2 N, and the comparison
of the shell with a solution of the marinade is 1: 2 (w/v). The next is
lifted and rinsed clean with distilled water. Drying the eggshells using
a cabinet dryer at a temperature of 50°C for £ 1 hour, then made into
powder using a disk mill [13].

2.4. Diet and Experimental Model

Twenty-four female Sprague Dawley rats aged 2 months (160—180 g)
were obtained from the Integrated Research and Testing Laboratory
(LPPT) at the Universitas Gadjah Mada for the experiment. Rats

were raised in individual cages in an air-conditioned room at a
temperature of 26°C-29°C; humidity: 60%—70%, with a 12 hours
cycle of light and dark. After adapting to the environment for the
first week, 18 rats were ovariectomized (OVX), while six 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 before surgery [9]. All
rats were fed the AIN-93 M diet through the 1-week recovery period
(Table 1). Next, the rats were randomly divided into four groups:
(i) normal control (without OVX/NC); (ii) OVX control (OVX-C);
(iii) OVX+ethynylestradiol (OVX-E); (iv) OVX+CSSE (OVX-K).
All rats were fed a base diet of AIN-93 M. All treatments were given
orally for 6 weeks, with the amount of CSSE given based on a dose
of 10 pg/g (b.wt./day) of isoflavones. Treated with ethynylestradiol
at 30 pg/kg b.wt./day. During the experiment, the weight of each rat
was checked every 7 days.

2.5. Sample Collection

Blood samples were collected before and after treatment to analyze the
biochemical serum. After an 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, centrifuged at 3,000 rpm for 15 minutes (Thermo
Scientific, Micro Legend 12), and stored at —20°C until analyzed
[9,11].

2.6. Laboratory Analysis

The proximate composition of CSSE (moisture, ash, fat, protein, and
fibers) was determined according to the AOAC method [14], and
carbohydrates were determined by difference. Ca content of CSSE
with atomic absorption spectrometry method [14], isoflavone content
of CSSE with high-performance liquid chromatography method
[15]. Analysis of serum Ca and P was carried out by the Arsenazo
III photometric method using a reagent kit. Serum estradiol analysis
using tmhe ELISA method using the DRG Estradiol ELISA reagent
kit (EIA-2693). Serum SOD levels were analyzed using the ELISA
reagent kit (K335-100) method, while serum MDA levels were
analyzed using the thiobarbituric acid reactive substances method as
described by previous studies [16].

2.7. Statistical Analysis

Data analysis used the one-way Analysis of Variance method of
difference test and continued with the least significance different post

Table 1. Nutrition composition of composite flour obtained from CSSE.

No Components Content

1 Moisture (g/100 g) 7.74+0.33
2 Ash(g/100g) 14.16 + 0.05
3 Total fat (g/100 g) 13.55+£0.67
4 Protein (g/100 g) 17.52+0.17
5 Fibers (g/100 g) 26.89 +0.82
6 Carbohydrate (g/100 g) 20.14 +0.52
7 Calcium (g/100 g) 0.093+£0.01
8 Genistein (mg/g) 0.089 +0.01
9 Daidzein (mg/g) 0.480 £ 0.01

Composition of CSSE flour is corn sprout flour and soybean sprout flour with a ratio of
1:9, which is then added 15% (w/w) eggshell flour as a source of Ca.
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hoc test to determine the significant difference between treatments
with a significance level of p <0.05. Statistical analysis was performed
using Statistical Package for the Social Sciences 22.0 software.

3. RESULTS AND DISCUSSION
3.1. Body Weight

The average body weight of rats for 6 weeks of treatment is
presented in Figure 1. All treatment groups experienced a significant
increase in body weight, where the OVX-C group experienced the
highest weight gain of 49.50 + 6.22 g, and the lowest NC group
was 42.75 + 6.63 g (Table 2). In general, the ovariectomized group
experienced a higher increase in body weight than the group
without OVX. This was associated with increased abdominal fat in
rats [17,18]. Fat catabolism in ovariectomized rats decreased due
to low estrogen hormone, increasing fat stores in adipose tissue.
This increase in fat in adipose tissue causes increased body weight
in rats [19].

The weight gain of the OVX-K group was lower than that of the
OVX-C group and slightly higher than the OVX-E group but not
significant. The isoflavone component of CSSE may cause this.
Isoflavones can act as pro-estrogenic components, so the available
estrogen will be involved in energy metabolism by binding to
estrogen receptors in the abdomen and subcutaneous fat tissue [20].
The increase in body weight (OVX-K), which was higher than the
OVX-E group, probably came from the contribution of nutritional
components from CSSE, both protein, fat, and carbohydrates, while
in the OVX-E group, lynoral was given no nutritional elements that
contributed to energy.

3.2. Serum Estradiol Levels

After 6 weeks of treatment, the NC rat group had the highest
estradiol levels (35.21 + 0.81 pg/ml), then the OVX-C group
(28.03 + 0.27 pg/ml) and OVX-K (26.54 + 0.51 pg/ml), and the

lowest in the OVX-C group (21.35 + 0.38 pg/ml (Fig. 2)). Estradiol
belongs to the group of estrogens and is an important steroid
hormone during puberty, the menstrual cycle, and menopause [21].
Estrogen deficiency can occur due to two things: the effects of
aging and the removal of the ovaries (OVX). Decreased estrogen
production generally occurs in women when they age 40, known
as pre-menopause. Estrogen itself is produced by the theca cells
in the ovaries. This OVX process, which is the removal of the
ovaries, results in a decrease in estrogen production. The addition
of ethynyl estradiol (OVX-E) increased the serum estradiol level
of rats after 6 weeks of treatment, similar to the administration of
CSSE (OVX-K). Thus, CSSE flour could be hormone replacement
therapy in ovariectomized rats. The isoflavone component in the
CSSE formula is believed to act as a phytoestrogen. Isoflavones
have a high affinity for the estrogen receptor in conditions of
estrogen deficiency. It has been previously confirmed that Japanese
and Chinese women who consume soy as a source of isoflavones
have a lower risk of menopausal symptoms [22]. However, the
addition of isoflavones will significantly affect serum estradiol
levels in ovariectomized rats when the dose and duration are given
at higher levels [11].

Table 2. Changes in body weight of rats pre and post treatment.

Body mass (g)
Groups
Pretreatment Posttreatment Different
NC 172.00 = 7.87 215.75+5.38 42.75 £ 6.63°
OVX-C 166.00 £ 5.89 215.50 £ 6.66 49.50 £ 6.22¢
OVX-E 164.75+6.38 209.50 £ 6.42 44.75 £ 6.40°
OVX-K 177.75+8.23 223.00 £9.92 4525 +£9.25°

NC = normal controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized
+ estradiol; OVX-K = ovariectomized + CSSE. Data were analyzed one-way ANOVA,
values are means + standard deviation. Different superscripts in the same colums
different showed statistically significant differences (p < 0.05) as determined by LSD.
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Figure 1. Effect of CSSE flour on body weight. Results are expressed as means + standard deviation.
Groups: NC = normal controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized + estradiol;
OVX-K = ovariectomized + CSSE.
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Figure 2. Effect of CSSE flour on level on serum estradiol. Results are expressed as means =+ standard
deviation. Groups: NC = normal controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized +
estradiol; OVX-K = ovariectomized + CSSE.

Table 3. Effect of CSSE flour on Ca and P levels in serum of rats after 6 weeks.

Variable

NC
Serum calcium (mg/dl) 13.20 £0.19¢
Serum phosphorus (mg/dl) 2.81+0.03¢
Ca/P ratio 4.69£0.11*

Groups
OVX-C OVX-E OVX-K
5.63+0.07* 12.36 + 0.22° 12.14 +£0.14°
1.08 +0.02° 2.57 +0.08¢ 2.50 +0.07°
5.21+0.15 4.78 £0.19* 4.87+0.17°

NC = normal controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized + estradiol; OVX-K = ovariectomized + CSSE. Data were
analyzed one-way ANOVA, values are means + standard deviation. Different superscripts in the same row showed statistically significant differences

(p <0.05) as determined by LSD.

3.3. Serum Ca and P Levels

Serum Ca and P levels of rats are presented in Table 3. The normal
control group (NC) showed the highest mean serum Ca level (13.26
+ 0.23 mg/dl), significantly different from all groups. In the OVX
group, it was seen that the administration of estradiol (OVX-E) and
CSSE(OVX-K) for 6 weeks was able to increase serum Ca levels to
12.33 + 0.26 mg/dl and 12.10 + 0.16 mg/dl, respectively, while the
OVX group with the standard diet (OVX-C) had the lowest serum Ca
level (5.66 mg/dl). The same results were also seen in serum P levels
after 6 weeks of treatment. The NC group had the highest mean serum
P level (2.81 + 0.03 mg/dl), which was followed by the OVX-E group
(2.55 £ 0.08), the OVX-K group (2.26 + 0.04 mg/dl), and the mean
the lowest serum P level was in the OVX-C group (1.08 + 0.02 mg/
dl). Based on these data, the serum Ca/P ratio in the OVX-E (4.78/1)
and OVX-K (4.87/1) groups were seen to be close to the serum Ca/P
ratio in the NC group (4.69/1), while the OVX-C group was still too
high (5.21/1).

The OVX process has been shown to increase the excretion of Ca and
P through urine, reducing serum Ca and P levels [4,23]. The decrease
in serum Ca and P levels in ovariectomized rats was associated with a
decreased ability of estrogen to absorb Ca and P in the intestine. Hence,
the excretion of Ca and P in feces and urine increased significantly
[17]. Estrogen deficiency after OVX has been shown to accelerate the
development of PO [23]. Isoflavone components in CSS flour and Ca
components in duck eggshell flour have the potential to be estradiol

in increasing serum Ca levels. Isoflavones in CSS indirectly affect
calcium absorption because they have activity such as the hormone
estrogen [9]. This increase in calcium absorption will further increase
calcium homeostasis [24,25]. Isoflavones, especially genistein,
increase serum mineral levels while decreasing mineral excretion in
the urine [23].

The calcium component of duck eggshell flour in the CSSE formula
may contribute to the provision of Ca. The availability of Ca in the
CSSE formula is in the ideal proportion. This is illustrated by the
serum Ca levels in the OVX-K group, which are not significantly
different from the OVX-E group. Giving too high Ca is also a concern,
considering postmenopausal women experience decreased calcium
absorption in milk. So, unabsorbed Ca causes harmful side effects
such as kidney stones in the heart and brain [26]. However, if Ca is
too low, it will trigger Ca reabsorption in bone by osteoblast cells,
increasing the risk of osteoporosis [27]. Decreased intestinal calcium
absorption is related to estrogen deficiency [28], possibly contributing
to accelerated bone density loss.

The addition of CSSE for 6 weeks significantly affected serum P
levels of ovariectomized rats. Although the serum P level of the
OVX-K group was slightly lower than that of the OVX-E and NC
groups, the effect was very positive. The added duck eggshell flour
may contribute to the supply of P [13], and the presence of genistein
and daidzein can also contribute to the increased absorption of P in the
intestine so that the level of P in the serum increases [11]. Calcium and
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Figure 3. Effect of CSSE flour on level of SOD serum (A) and MDA serum (B). Results are expressed as means + standard deviation. Groups: NC = normal
controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized + estradiol; OVX-K = ovariectomized + CSSE.

phosphorus are ingredients used for bone mineralization so that their
adequacy and availability in the body can help prevent a decrease in
bone density, which can result in brittleness, uncomplicated fracture,
or osteoporosis.

3.4. Activities of Antioxidant Enzymes SOD

The SOD activity of rat serum before and after treatment can be
seen in Figure 3A. Serum SOD activity in ovariectomized rats
ranged from 30.38% to 32.69%, lower than in control rats (without
OVX) (75.77%). After 6 weeks of treatment, the serum SOD
activity of rats in the OVX-E group (67.75% + 0.93%) was not
different from that in the NC group (69.12% + 0.58%), while the
OVX-K group had a slightly lower serum SOD activity (59.30%
+ 1.37%). Rats undergoing OVX are known to have decreased
blood antioxidants and increased oxidative stress markers. SOD
enzyme expression is known after OVX so oxidative stress occurs.
The activity of SOD and glutathione peroxidase in rats decreased
after 1 day of OVX [29]. Decreased SOD activity in OVX rats led
to an accumulation of O,, which was shown to inhibit antioxidant
enzymes. SOD is responsible for the dismutation of O, into hydrogen
peroxide, which is more reactive than O, [30]. The decrease in
SOD in ovariectomized rats is exacerbated by failure in estrogen
production, resulting in post-OVX hormone deficiency [31,32].
Estrogen deficiency conditions can stimulate the production of
cytokines in peripheral blood cells and increase the concentration
of interleukin-6 associated with postmenopausal oxidative stress in
women [33]. Estrogen has been shown to protect important organs
from oxidative damage due to its antioxidant abilities [34].

Increased oxidative stress indicates damage to bone tissue. Estrogen
deficiency stimulates ROS to activate osteoclasts, which results
in oxidative bone damage [16]. Therefore, a decrease in the SOD
enzyme indicates an increase in oxidative stress due to bone
tissue damage. Administration of CSSE(OVX-K) restored serum
SOD activity close to the control group (NC) and ethynylestradiol
(OVX-E). This shows that the use of natural phytoestrogens as a
strategy to improve oxidative stress conditions in postmenopausal
women has very potential. The estrogenic activity of isoflavones is
associated with their ability to increase SOD enzyme activity [35].
Isoflavones have been reported to be very strong in scavenging
free radicals in diabetic patients [36], and genistein in isoflavones
has been confirmed to reduce free radical-induced tissue injury
through antioxidant activity [37]. Therefore, many postmenopausal
women consider phytoestrogens, in this case isoflavones, as dietary

supplements taken as natural alternatives to conventional hormone
therapy [38].

3.5. Serum Levels of MDA

Serum MDA levels of rats before and after treatment can be seen
in Figure 3B. The MDA serum levels of rats before treatment were
1.28 mol/ml (NC) and 7.66-8.05 mol/ml in the OVX group. OVX
accelerates oxidative stress, as indicated by increased serum MDA
levels. Several studies have shown an indication of an antioxidant
imbalance in some mammals after OVX, and this can be seen from the
MDA concentration, which significantly increased after 24 hours of
0OVX[39,40]. OVX treatment reduces lipid peroxidase concentrations,
contributing to oxidative stress [41—43].

Treatment with ethynylestradiol (OVX-E) and CSSE (OVX-K) for
6 weeks significantly reduced the rat serum MDA to a near normal
(NC) group. These results align with those reported in previous studies
[44], that the phenolic ring of soy isoflavones is known to modulate
the expression of prooxidant and intracellular antioxidant enzymes
in suppressing excessive ROS formation. In addition, the scavenging
effect of soy isoflavones in decreasing serum MDA levels involves
ROS-mediated activation of NF-kB/TNF-a signaling [45]. The potent
antioxidant of isoflavone polyphenols can reduce serum MDA to close
to normal levels. The presence of isoflavones will neutralize excessive
ROS from the effect of OVX, thus bone repair will take place more
quickly [46].

4. CONCLUSION

Consumption of CSSE for 6 weeks in ovariectomized rats caused: 1)
significantly increased body weight of treated rats compared to the
normal control group; 2) The OVX-K and OVX E groups experienced
a significant increase in serum estrogen, Ca, and phosphorus than the
control group. 3). Oxidative stress markers SOD showed an increase
in the OVX-K and OVX E groups, and both groups experienced a
significant decrease in serum MDA levels. In general, the results of
this study indicate that consumption of CSSE can improve estrogen
depletion and oxidative stress to help maintain bone health in
postmenopausal women.
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