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Treatment of eggshell with casein phosphopeptide reduces
the severity of ovariectomy-induced bone loss
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It has been generally accepted that calcium intake prevents bone loss, and frequent fracture resulted from
osteoporosis. However, it is still elusive as to how effective sole calcium intake is in preventing or
attenuating the severity of osteoporosis. Here, we demonstrate the effects of eggshell-casein phosphopeptide
(ES-CPP), and compared these effects those of calcium supplement, for restoring ovariectomy-mediated
bone loss. CPP, synthesized from the hydrolysis of casein (0.5%) using trypsin, was added to the grinded
ES and was then administered to the ovariectomized (OVX) rat at 100 mg/kg for 4 weeks. Urine and feces
from each group were collected each day, and were used to calculate the apparent calcium absorption
rate in a day. After 4 weeks incubation, blood and femoral bones were isolated for the analysis of
parameters representing osteoporosis. The apparent calcium absorption rate was significantly increased in
the ES-CPP treated groups, in comparison to both the OVX and the commercial calcium supplement
(CCS) treated group. Notably, treatment with ES-CPP markedly enhanced the calcium content in femoral
bone and the relative weight of femoral bone to body weight, though calcium content in serum was
barely changed by treatment with ES-CPP. Parameters of osteoporosis, such as osteocalcin in serum and
bone mineral density, were rescued by treatment with ES-CPP, compared to treatment with commercial
calcium supplement. This finding strongly suggests the possible use of ES-CPP in preventing or
attenuating the severity of postmenopausal osteoporosis.
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Osteoporosis leading to loss of minerals and proteins
from bone tissue can be caused by various factors, such
as aging, drug abusing, and menopause, and results in
not only frequent bone fracture, but also in diverse
complications from disorders in calcium homeostasis
[1,2]. Depending on the cause of occurrence, it can be
divided into primary or secondary type osteoporosis. It
has been reported that postmenopausal osteoporosis in

women accompanies a reduction of sex hormones like
estrogen [3,4]. Due to this estrogen deficiency, bone
density is reduced by 5% per a year, and by up to 50%
of the premenopausal level. However, it has been known
that treating postmenopausal women with combined
estrogen therapy may result in various side effects on
women’s health [5]. In general, patients with osteoporosis
are recommended to eat calcium-rich foods, such as
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daily products, fish, shellfish, and green vegetables.
Increasing calcium intake enhances the accumulation of
minerals in the bone, and maximizes bone mass, which
can lower the risk of osteoporosis in pre and postmeno-
pausal women by repressing the loss of bone mineral
density [6-8].

Many studies from various groups have already
suggested possible uses of eggshell (ES) as a calcium
supplement [9-11]. Moreover, other elements in ES,
such as strontium and fluorine are known to have
positive effects on bone metabolism. Additionally, it has
been proven that the bioavailability of calcium from ES
is similar or slightly better than that of commercial
calcium supplements. Based on this, we examined
methods of improving the bioavailability of ES as an
alternative to calcium supplementation, which may
prevent and attenuate osteoporosis. Casein phosphopeptide
(CPP), derived from the digestive processes of casein by
trypsin, is known to enhance the solubility of calcium
ions, which accelerates passive diffusion from the
bottom of the small intestine [12,13]. Our hypothesis
was that the treatment of ES with CPP increases the
calcium absorptivity, which would attenuate and prevent
osteoporosis. Under this hypothesis, we examined the
effects of ES-CPP on ovariectomized-mediated
osteoporosis, by analyzing bone mass and density. Here,
we demonstrated that treatment of ES-CPP in
ovariectomized (OVX) rat results in a more efficient
absorption, compared to treatment with CCS, and thus,
results in increased calcium and enhanced bone mass
and mineral density.

Materials and Methods

Animals and materials

After monitoring health status for a week, rats were
anesthetized with a mixture of ketamine (50 mg/mL) and
xylazine (22.4 mg/mL) by intraperitoneal injection.
Ovariectomy was preceded by a midline dorsal skin
incision [14]. ES-CPP or CCS was orally administrated
at a concentration of 100 mg/kg per body weight. Each
group was fed with a calcium free diet. The amount of
drinking, feeding, and body weight was measured once
a week from the induction of osteoporosis. To synthesize
the ES-CPP, ES meal and CPP were respectively
prepared by grinding junked ES and hydrolyzing casein
for 3 h, using trypsin. Hydrolyzed CPP was treated by
heating for 10 min at 80°C, and was then dialyzed with
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distilled water for 65 h at 4°C.

Metabolite analysis

Urine and feces from each group were collected for
24 h using a metabolic cage. After weighing of urine and
feces, all groups were fasted for 12 h. (when were rats
sacrificed - before or after the taking of blood) Blood
was taken from the abdominal aorta and was stored at
4°C for 10 min. After centrifugation at 3,000 rpm for
15 min, serum was collected and was stored at —70°C.
After blood sampling, kidney, liver, and femoral bone
were isolated and were fixed in 20% ethanol prior to
analysis.

Apparent calcium absorption rate

The apparent calcium absorption rate was calculated
from the amount of uptake and excretion of calcium,
which was obtained for 3 days before the end of
experiment. Calcium or ES-CPP was administrated at
100 mg/kg, except for the OVX group. After administration
of calcium and ES-CPP, each group was transferred to
metabolic cage, and urine and feces were collected for
the analysis of calcium excretion. The apparent calcium
absorption rate was calculated based on the followed
equation; [(calcium intake—calcium excretion)—calcium
excretion from OVX group]/calcium intakex100

Measurement of calcium and osteocalcin in serum

Whole serum was isolated from blood which was
collected from the abdominal aorta by centrifugation at
3,000 rpm for 15 min. Calcium content and osteocalcin
in serum were then measured using a UV method
(Modular analytics PE, Roche, Germany) and Rat
osteocalcin EISA kit (Biomedical Technologies Inc,
Stoughton, MA 02072, USA), respectively. Each data
was expressed as ng/mL.

Analysis of isolated femoral bone

Isolated femoral bone underwent a sequential drying
process in a 60°C dry oven for 3 h and a desiccator for
30 min. Data was expressed in units of grams per kg
body weight. For calcium analysis, isolated femoral
bone was dried at 70+5°C in a drying oven, and was then
made into ashes at 550~600°C for 6~7 h. Resolved ashes
in HCI and HNO; were used to measure calcium content
using an auto-analyzer (Hitachi U-2000, Tokyo, Japan).
The same protocol was observed for the analysis calcium
contents in urine and feces.
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Analysis of bone density using Micro-CT

Isolated femoral bone was stored in 20% ethanol prior
to use. All images were taken and analyzed using Micro-
CT (NFR Polaris-G90 Nano-focus X Ray Inc. ray:
60 kv, 90 pA Resolution: 13 um FOV: 26 mmx28 mm)
and CTAn, CTvol (Skyscan, Belgium) software.

Statistics

All data were expressed as means=SEM. Differences
were tested for significance by one-way ANOVA (Duncan’s
multiple-range test). Differences were considered
significant at error probabilities smaller than 0.05.

Results

Improvement of calcium absorption by administration
of ES with CPP

As described previously, ES can be considered a good
calcium source due to its relative abundance, along with
that of constituting elements. To confirm the efficiency
of ES-CPP on calcium absorption in comparison to
CCS, each of them was orally administrated to OVX rat,
which were fed with a calcium free diet. General symptoms
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of osteoporosis, such as food and water intake, body
weight, and the weight of liver and kidney were then
analyzed from each group. Unexpectedly, we could not
find any significant changes in food or water intake, or
in body weight between the OVX group and the ES-CPP
group, whereas the CCS treated group showed a reduced
water intake and an increase in body weight (Figure 1A,
upper panel). On the other hand, the weight of liver and
kidney did not differ between groups (Figure 1A, lower
panel). To further investigate the efficiency of ES-CPP
on bioavailability, the apparent calcium absorption rate
was determined from the calcium content of urine and
feces by biochemical assay. Though OVX group was fed
with a calcium free diet, some calcium excretion was
shown. Importantly, the ES-CPP group (62.18+5.1%)
showed a markedly enhanced calcium absorption rate,
compared to the CCS group (24.11+£12.1%) (Figure 1B).

Loss of calcium in femoral bone caused by OVX is
partially restored by administration of ES-CPP, but not
of CCS

Along with enhanced calcium absorptivity by co-
treatment of ES with CPP, we also wished to determine
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Figure 1. Administration of ES-CPP markedly enhances the apparent Ca?* absorption rate. Effects of ES-CPP on (A) the general
symptoms of OVX-mediated osteoporosis and (B) the apparent Ca?" absorption rate. The intake of food and water were calculated
by measuring the weight of ingested food and water in a day. The weight of body, liver, and kidney were each measured after 7
weeks of administrating ES-CPP and CCS. The apparent Ca®* absorption rate was calculated from the content of Ca?* in urine and
feces, as described in “Materials and Methods”. Each column represents the proportion of absorbed Ca?" in the body, from the
administration of ES-CPP and CSS. Data are means+SE. **“Values in the row with different superscript letters are significantly
different, P<0.05. ES; eggshell, CPP; casein phosphopeptide, CCS; commercial calcium supplement.
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Figure 2. Loss of calcium from femoral bone is restored by ES-CPP administration, regardless of calcium content in serum. Effects
of ES-CPP on calcium content in (A) serum and (B) femoral bone. Calcium in serum and femoral bone was measured from isolated
blood and femoral bone from OVX rat, which was administrated with ES-CPP and CCS for 7 weeks after ovariectomy. Data are
meanSE. **°Values in the row with different superscript letters are significantly different, P<0.05. ES; eggshell, CPP; casein

phosphopeptide, CCS; commercial calcium supplement.

whether absorbed calcium causes hypercalcemia or
whether it is used in bone formation. It is well known
that menostasis leads to estrogen deficiency, which, in
turn, causes bone loss. Experimentally, the same
symptoms are expected by removal of the ovaries, which
sequentially induces estrogen deficiency, activating the
osteoclast activities, accelerating the mineralization of
calcium and phosphate from bone tissues, and causing
an aberrant calcium increase in blood [15]. Thus,
increased calcium in serum induces a decrease of
parathyroid hormones, which worsens the severity of
osteoporosis by reducing calcium absorption from the
small intestine. To verify the possible use of ES-CPP on
menopausal osteoporosis, we first prove whether ES-
CPP induces hypercalcemia. We found that reduced
calcium in serum by OVX (9.47£0.1 mg/dL) was
rescued by both ES-CPP (9.64+0.1 mg/dL) and CCS
(9.82+0.1 mg/dL) treatment, as sham group or more
then. (Figure 2A). Notably, the increment of calcium
content in serum was not as much as the apparent
increment in the calcium absorption rate, suggesting a
possibility that most absorbed calcium is accumulated
within the bone. As we expected, ES-CPP administration
increased the calcium content in femoral bone to
446.44+9.1 mg/kg. On the other hand, the CCS group
showed a slight increase with no significance in
comparison to the OVX group (Figure 2B).
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Treatment of ES-CPP attenuates the severity of
osteoporosis

Reduction of bone mass and bone density is known to
cause frequent bone fractures, which is a primary and
typical symptoms in osteoporosis patients. In order to
estimate the effects of ES-CPP on the symptoms of
ovariectomy-mediated osteoporosis, we analyzed the
weight of femoral bone and bone mineral density. Reduced
weight of femoral bone by OVX (740+10.4 mg) was
restored to 808.57+7.9 and 794.28+16.1 mg, respectively,
by ES-CPP and CCS administration (Figure 3A).
Interestingly, the administration of ES-CPP significantly
improved bone mineral density to 82.83+0.8%, whereas
the CCS group only showed a slight increase (74.67+
1.9%), with no significant increase in comparison to the
OVX group (Figure 3B).

It has been known that osteocalcin, as a marker protein
of bone turnover, is increased in postmenopausal women,
which means that estrogen deficiency accelerates bone
formation and resorption [16,17]. Accordingly, we
measured the osteocalcin level in serum to determine the
effects of ES-CPP on the bone turnover rate. As expected,
increased osteocalcin in serum by OVX (37.28+2.1 ng/
mL) was markedly reduced by administration of ES-
CPP (24.57+1.1 ng/mL) and CCS (30.71£1.5 ng/mL).
Notably, the ES-CPP group showed lower osteocalcin in
serum than the CCS group (Figure 3C).
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Figure 3. Administration of ES-CPP attenuates the severity of osteoporosis. Effects of ES-CPP on (A) the weight of femoral bone,
(B) bone mineral density, and (C) osteocalcin in serum. Isolated femoral bone segments from OVX rat were weighed and then
immediately used to analyze bone mineral density using Micro-CT. Osteocalcin was analyzed from collected blood. Data are
means+SE. **“%alues in the row with different superscript letters are significantly different, P<0.05. ES; eggshell, CPP; casein

phosphopeptide, CCS; commercial calcium supplement.

Discussion

OVX rat have been well established as an animal
model for the induction of sex hormone disorders, and
are widely used for the study of postmenopausal
osteoporosis due to the similarity of symptoms [18]. As
a result of hormonal disorders, OVX rat show significant
defects in terms of bone maturation and regeneration
[19]. These defects of the bone tissue result from
estrogen deficiency which leads to an imbalance
between osteoblasts and osteoclasts activities [20]. To
estimate the efficiency of ES-CPP on the general
symptoms of osteoporosis, we first examined how

effective co-treatment of ES with CPP is in enhancing
the calcium absorption rate, and whether absorbed
calcium from ES-CPP affects the symptoms of OVX-
mediated osteoporosis.

Estrogen is known to regulate leptin secretion from the
hypothalamus. Desensitization of leptin due to estrogen
deficiency accelerates fat accumulation [21-23]. Taking
all these factors into account, we decided to determine
the effects of OVX surgery and its rescue by treatment
of ES-CPP and CCS on dietary patterns. As a result, it
appeared that the ES-CPP group had no difference in
dietary pattern compared to the OVX group. Only the
CCS group showed a reduced water intake and slight
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weight gain (Figure 1A, upper panel). Moreover, we
could not observe any significant changes in the weight
of liver or kidney, which was not in line with our
expectation that calcium uptake affects on the function
of kidney and liver, due to disorders of bone metabolism
(Figure 1A, lower panel). The OVX group showed some
calcium excretion, despite the lack of calcium intake
from the diet (data not shown), suggesting that OVX-
mediated estrogen deficiency elevated calcium minerali-
zation and let them release into blood. Notably, treatment
of ES-CPP on OVX rat significantly enhanced the
calcium absorption in the body, compared to that of CCS
treatment (Figure 1B). This result clearly demonstrates
that calcium derived from ES can be absorbed efficiently
by co-treatment with CPP.

Absorbed calcium from the diet is transferred into the
blood, and is used to maintain calcium homeostasis,
which plays crucial role in diverse physiological
responses, such as hormone secretion, differentiation,
and proliferation [24]. In postmenopausal women, it has
been known that estrogen deficiency induces an increase
of parathyroid hormones, which result in stimulation of
1) osteoclastic activities, 2) calcium absorptivity from
the small intestine, and 3) calcium re-absorption from
renal tubules [25-27]. There are several case reports
which indicate that excessive calcium intake or hormonal
therapy for attenuation or prevention of osteoporosis can
leads to hypercalcemia, which can cause various
disorders by disruption of calcium homeostasis [28-31].
With this point in mind, we attempted to confirm
whether absorbed calcium from ES-CPP
hypercalcemia, or whether it is used for improving bone
density. Both ES-CPP and CCS groups presented slight
increases of calcium in serum, compared to the OVX
group, but with no significant difference (Figure 2A).
Decreased calcium content in femoral bone observed for
the OVX group was restored by treatment with ES-CPP
(Figure 2B). Notably, treatment with CCS did not show
any significant difference compared to that of the OVX
group, suggesting that different proportion of absorbed
calcium is used on the bone formation depending on its
characteristics.

Consistent with previous data, ES-CPP treatment
resulted in a rescue of decreased bone mass and bone

induces

mineral density, which are caused by OVX-mediated
estrogen deficiency. Compared to the ES-CPP group, the
CCS group only showed recovery of bone mass,
whereas, bone mineral density was not restored by CCS

Lab Anim Res | June, 2013 | Vol. 29, No. 2

treatment (Figure 3A, 3B). Osteocalcin, which is known
as a marker protein presenting the relations between
bone formation and bone resorption, is released into the
blood during bone maturation and mineralization [32].
As people grow older, accelerated bone turnover
increases the level of osteocalcin in serum, through the
inhibition of renal functions and increased parathyroid
hormones [16,17]. Treating ES-CPP resulted in a
significant reduction of the bone turnover rate, whereas
CCS treatment only showed a tendency to decrease
compared with the OVX group, with no significant
difference between the two (Figure 3C). Bone density
and bone mass are tightly correlated with the risk of
bone fracture. Taken together, the present work shows
that co-treatment of ES with CPP enhances the calcium
absorptivity in the body, and thus, absorbed calcium
attenuates the severity of postmenopausal osteoporosis
by improving bone mass and density. Here, we strongly
suggest consideration of the use of ES-CPP for the
treatment of postmenopausal osteoporosis, as an
alternative to calcium supplements.
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