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Milk contains several components effective for bone
health. In the previous in vifro and in vivo studies, we
have shown that milk whey protein, especially its basic
protein fraction (milk basic protein [MBP]), promoted
bone formation and suppressed bone resorption. This
present study examines the effect of MBP on the
biochemical markers of bone metabolism in healthy
adult men. Experimental beverages containing MBP
(300 mg of MBP a day) were given to 30 normal healthy
adult men for 16 days. The serum osteocalcin concen-
tration had increased significantly after 16 days of inges-
ting the experimental beverage containing MBP, Urina-
ry cross-linked N-teleopeptides of type-I collagen (NTx)
excretion had decreased significantly after 16 days of in-
gesting MBP. The urinary NTx excretion was related to
the serum osteocalcin concentration after 16 days of in-
gestion. These results suggest that MBP promoted bone
formation and suppressed bone resorption, while main-
taining the balance of bone remodeling.
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Ever since the dairy cow was domesticated by the
ancient Bgyptians in 4000 B, C., milk has been mak-
ing a major contribution to human health. In par-
ticular, milk is recommended for bone health because
it is an excellent calcium source and contains several
profitable components for calcium absorption in the
intestines such as lactose and phosphopeptides
formed by the proteolytic digestion of milk casein.'™

Several dietary factors such as vitamin K; and isofla-
vone,®” which directly affect bone metabolism (bone
formation and resorption), have recently been widely
noticed. Milk is also considered to directly affect
bone metabolism because it has a functional role in
the growth of newborn animals and is an excellent
source of nutrients for human health. We have been
searching for biologically active components in milk
that could stimulate bone formation and/or suppress
bone resorption,

We have found that milk whey protein (a by-
product of the cheese-making process) stimulated the
proliferation and differentiation of osteoblastic cells.
The active factors stimulating the osteoblastic cells
were found to be concentrated in the basic protein
fraction (milk basic protein [MBP)).® We have also
reported that MBP digested by gastrointestinal en-
zymes was absorbed through the small intestine and
that digested MBP retained its stimulating activity
for the proliferation and differentiation of ostcoblas-
tic cells.® We have also found that milk whey and
MBP increased such bone protein as collagen and en-
hanced the bone-breaking energy in young ovariec-
tomized rats.* 'V We have drawn the conclusion from
our previous ir vitro and in vivo studies thar milk
whey protein and MBP have direct and/or indirect
effects on bone formation. In a study with an unfrac-
tionated bone cell culture system and isolated os-
teoclasts, we found that milk whey and MBP sup-
pressed osteoclast-mediated bone resorption.”™ We
have reported that MBP digested by gastrointestinal
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enzymes was absorbed through the small intestine
and that digested MBP retained its suppressive activi-
ty against bone resorption in the study based on the
unfractionated bone cell culture system.'® Moreover,
we have found that MBP suppressed osteoclast-
mediated bone resorption and prevented bone loss in
aged ovariectomized rats.'® We have drawn the con-
clusion from our previous in vitro and in vivo studies
that milk whey protein and MBP have direct andfor
indirect effects on bone resorption.

In our previous controlled trial of the effect of
MBP supplementation (40 mg of MBP a day) on the
bone mineral density (BMD) in healthy adult women
for six months, we found that MBP supplementation
increased BMD and suppressed the urinary excretion
of cross-linked N-teleopeptides of type-1 collagen
(NTx; a biochemical marker for bone resorption),'®
We are thus attempting to clearly find the effect of
MBP cn bone formation from such bone formation
markers as serum osteocalcin. The purpose of this
present study is to examine the effect of MBP on the
biochemical markers of bone metabolism in healthy
adult men when slightly more MBP (300 mg of MBP
a day) was ingested.

Subjects and Methods

Subjects. Thirty healthy men (mean=+SD age,
36.2 = 8.5) were recruited through direct mailing and
attending presentations about this study in our
institute. The protocol was approved by the ethical
committee of the participating institution. Written
informed consent was obtained from each subject.
The study complied with the code of ethics of the
World Medical Association (Helsinki Declaration of
1964 as revised in 1989).

Study design and supplements. Thirty men
received an experimental beverage containing MBP
(300 mg of MBP a day). The beverage also contained
an acidifier, sweetener, and flavor to provide a
pleasant taste for the volunteers. MBP was obtained
from fresh bovine milk which was defatted by cen-
trifugation and loaded into a column packed with
cation-exchange resin. The column was sufficiently
washed with deionized water, and the bound protein
was eluted with IM NaCl. MBP was obtained by
desalinizing and drying. The protein content of the
MBP sample was 98% (w/w). The subjects were in-
structed to drink the beverage daily within any two
hours for 16 days, and were advised to maintain their
usual diets. Each received a physical checkup every
week, and was subjected to urine and blood measure-
ments before and after the 16 days of ingestion.

Analytic methods. Blood was drawn from 9 to 11
a.m, after the subjects had fasted for at least eight

hours. Second spontaneous urine samples were col-

lected from 9 and 10 a.m. before breakfast. Aliguots
of these samples were frozen at —20°C until needed
for analysis. Serum osteocalcin was measured by an
immunoradiometric assay (BGP IRMA, Mitsubishi
Kagaku, Tokyo, Japan), and serum procollagen I
carboxy-terminal propeptide (PICP) was measured
by a radioimmunoassay (Orion Diagnostica, Oulun-
salo, Finland). Urinary cross-linked N-teleopeptides
of type-I collagen (NTX) were measured by an en-
zyme-linked immunosorbent assay (Osteomark,
Ostex International, Seattle, WA). All biochemical
markers of bone metabolism were analyzed by
Mitsubishi  Bio-Clinical Laboratories (Tokyo,
Japan). Calcium in the serum and urine was respec-
tively analyzed by models 7450 and 7070 clinical
analyzers (Hitachi, Tokyo). The urinary biomarkers
were adjusted for creatinine (Cr) excretion and were
given as per mmol Cr.

Statistical analysis. The results for the serum and
urinary biomarkers were analyzed by Student’s #-test
for paired data to examine the difference before and
after 16 days of ingesting the experimental beverage
containing MBP. The correlation coefficient between
the urinary NTX excretion and the serum osteocalcin
concentration was tested with a single linear regres-
sion analysis, differences being considered significant
if P<0.05. All calculations were performed by the
GLM procedure in the SAS statistical analysis pack-
age,'” and all tests were two-tailed.

Results

Characteristics of the subjects. Table 1 presents the
subjects’ characteristics. There was no significant
difference before and after 16 days of ingestion in
either of the parameters for weight and body mass in-
dex.

Biochemistry. The serum calcium level and urinary
calcium excretion were unchanged after 16 days of

. ingesting the experimental beverage containing MBP

(Table 2). The serum osteocalcin concentration had
increased significantly after 16 days of ingestion
(Table 2, P<{0.0001}, while the serum PICP level
tended to have increased after 16 days of ingestion,
although the difference was not significant (Table 2,
P=0.0872). The urinary NTx excretion had
decreased significantly after 16 days of ingestion
(Table 2, P<0.0001). Individual changes in the se-
rum osteocalcin concentration and urinary NTx ex-
cretion before and after 16 days of ingestion are
shown in Fig. 1, an increased serum osteocalcin con-
centration being found in twenty-eight (93%) of the
30 subjects, and decreased of urinary NTx excretion
being found in twenty-four (80%) of the 30 subjects.
Figure 2 presents the correlation between the urinary
NTx excretion and the serum osteocalcin concentra-
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Table ¥, Characteristics of the Subjects before and after 16 Days of MBP Ingestion®

Before After 16 days Paired ¢-test, P value
Age (y) 36.2+8.5 — _
Height (cm) 171.2+4.2 — .
Weight (kg) 67.3+8.5 673489 0.8299
BMI (kg/m*}° 22.9+2.5

23.0%2.6 0.5839

@ The results for the subjects’ characteristics were analyzed by Student’s f-test for paired data to examine the difference befare and after 16 days of ingesting an
experimental beverage containing MBP (milk basic protein). Each value is the mean + 5D (n=30). Differences are considered significant il P < 0.05.

¥ 8MI, body mass index

Table 2. Biochemical Markers of the Subjects before and after 16 Days of MBP Ingestion®

Before After 16 days Paired f-test, £ value

Serum

Calcium (mmol/D) 2.3£0.1 2.3x0.1 0.4820

Osteocalcin (ng/ml) 3.7+1.8 54+1.8 < 0.0001

PICP® (ng/ml) 122.3x£37.0 130.0+44.1 0.0872
Urine

Calcium (mmol/mmol Cr% 0.210.11 0.23+0.10 0.3535

NTx® (nmol/mmol Cr) 31.5£10.2 26.8+9.6 < {0001

2 The results for the biochemical markers were analyzed by Student’s f-lest for paired data to examine the difference before and after 16 days of ingesting an
experimental beverage containing MBP (milk basic protein). Each value is the mean =SD (n=30). Differences are considered significant if P<{.05.
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Fig, 1. Individual Changes in the Serum Osteocalcin Concentra-
tions (left) and Urinary NTx Excretion (right) before and after
16 Days of Ingesting an Experimental Beverage Containing
MBP.

NTx, cross-linked N-teleopeptides of type-I collagen; MBP,
milk basic protein

tion. The urinary NTx excretion was not found to be
related to the serum osteocalcin concentration before
ingestion, but the urinary NTx excretion was found
to be related to the serum osteocalcin concentration
after 16 days of ingesting the experimental beverage
containing MBP, with a correlation coefficient of
0.6457 (P < 0.0001).

Discussion

A biochemical marker of bone turnover that
reflects bone changes faster than BMD is available
for measuring serum or urine, We measured serum
osteocalcin and serum PICP as the biochemical mar-

PICP, procoilagen I carboxy-terminal propeptide; NTx, cross-linked N-teleopeptides of type-I collagen; Cr, creatinine
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Tig. 2. Relationship between the Urinary NTx Excretion and the
Serum Qsteocalein Concentration before (lefi) and after 16 Days
(right) of Ingesting an Experimental Beverage Containing MBP.

The correlation coefficient before ingestion was 0.064] (P =
0.7366), and after 16 days was 0.6457 (P < 0.0001). Difterences
are considered significant if P<0.05. NTx, cross-linked N-
teleopeptides of type-1 collagen; MBP, milk basic protein

kers of bone formation, because proteins rcleased
from osteoblasts, including osteocalein and procolla-
gen peptides, can be used to assess bone formation.
The products of collagen breakdown, including col-
lagen cross-links, can be used to assess bone resorp-
tion. We measured the urinary NTx excretion as the
biochemical marker of bone resorption because NTx
is reportedly more sensitive to a change in bone
metabolism than deoxypyridinoline is.'® In this
study, we found that MBP supplementation in-
creased the serum osteocalcin concentration and se-
rum PICP and decreased the urinary NTx excretion
in healthy adult men, These results suggest that MBP
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promoted bone formation and suppressed bone
resorption.

We have demonstrated in previous in vitro and
animal studies, that MBP promoted bone formation
by activating osteoblasts and suppressed bone resorp-
tion by its direct and/or indirect effects on os-
teoclasts.®*® Our results from the present human
study are consistent with those from in vifro and
animal studies. In the recent human study, we found
that MBP supplementation (40 mg of MBP a day) in-
creased BMD and suppressed the urinary excretion of
NTx." Our results about the effect of MBP on bone
resorption from the present human study are consis-
tent with those from the previous human study;
however, we failed to clearly find an effect from MBP
on the serum osteocalcin concentration. When slight-
ly more MBP (300 mg of MBP a day) was ingested in
the present human study, we found an increased se-
rum osteocalcin concentration. The present human
study indicates that the increased levels of BMD
might have been caused by the promoting effect of
MBP on bone formation and by its suppressing effect
on bone resorption.

Bones are continuously undergoing a remodeling
process through repeated cycles of destruction and
rebuilding.'” In healthy young adults, the amount of
new bone formation approximately balances the
amount of bone resorption. As we age, however, the
balance shifts to favor bone resorption, which can
result in debilitating diseases such as osteoporosis.
Efforis to treat bone diseases have been primarily
concentrated on the development of drugs to block
bone resorption that decreases the formation or ac-
tivity of osteoclasts.’® To prevent bone discases, it
might be questionable to strongly block bone resorp-
tion because this will unbalance bone remodeling. It
is important to investigate whether MBP actually
causes a loss in the balance of bone remodeling be-
cause it has a suppressive effect on bone resorption.
In the present study, the urinary NTxX excretion (a
biochemical marker of bone resorption) was not
found to be related to the serum osteocalcin concen-
tration (a biochemical marker of bone formation) be-
fore ingestion, but the urinary NTx excretion was
found to be related to it after 16 days of ingestion.
These results indicated that the subjects who had a
higher activity of bone formation also had a higher
activity of bone resorption after 16 days of ingestion.
This phenomenon suggests that, while MBP sup-
pressed bone resorption, it did not block bone
resorption by bone remodeling. We consider that
MBP promoted bone formation and suppressed bone
resorption while maintaining the balance of bone
remodeling.

MBP, which has basic isoelectric points, is believed
to contain an array of profitable factors,!® We have
previously demonstrated that the active components
in MBP related to bone formaiion were high mobility

group-like protein and kininogen fragment 1-2 by a
bicassay using osteoblastic MC3T3-E1.*%*) Again,
we found that milk cystatin purified from milk sup-
pressed osteoclast-mediated bone resorption (data
not shown). It is known that cathepsin, a protease
secreted by osteoclasts, is responsible for bone
resorption. It has been reported that cystatin C in-
hibited cathepsin as a protease inhibitor. 2 We thus
consider that milk cystatin in MBP is one of the pos-
sible components that prevents bone resorption by
inhibiting cathepsin. MBP is itself complex: it is a
polyvalent fraction containing many profitable fac-
tors. Its effect on bone health is likely to be more than
can be accounted for by any single constituent, and
the totality of MBP's effect may be more than the
sumn of the parts. MBP might maintain the balance of
bone remodeling because it contains several effective
components for both formation and resorption.

In conclusion, our results supggest that MBP
promoted bone formation and suppresses bone
resorption in healthy adult men, and that it affected
bone metabolism while maintaining a balance of
bone remodeling. We believe that MBP might
become a novel, natural, and desirable nutritional
supplement for bone health.
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